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T is now twelve Months fince I firſt publiſhed a Commentory'\on' Dr... 
I HaAaLLEvy's Di vs the 32 or Venus, in the Ge- 
neral Magazine of Arts and Sciences; but being often importuned to 
publiſh that Treatiſe in one entire View, I at length concluded to do it, 
but not without confiderable —_—_ Additions thereto. For 
though the Doctor s Performance iuas a Maſter-Piece in its Kind, yet 
there is another, and, perhaps, 7 Method of — | 
the Quantity, Phaſes, and various Affections of the TRANSIT, bie 
Hat not, that I know of, be explained in Engliſh; and therefore 
I have here attempted it, for the Jake of ſuch as may be willing to 

know the moſt direct and Aſtfonomical Method of Computation; I mean 
that of PARALLAXES ; the Theory of which I have laid gown in the 
plaineſt Manner I could, and have exemplified the ſame by adapting the 

J am well ſatisfied, neither the Doctors Method by Projection, nor 
this other by Parallaxes, can be well underſtood, without a proper Idea of 
the Theory of this Planet; which therefore I have ſupplied, and by that 
means the Rationale of Calculation will be more intelligible. 

After this you will find the Uſe of Tranfit for aſcertaining the Ele- 
ments of the Theory of Venuss Motions, according to the Method of 
 Parallaxes uſed by Mr. HoRRox and Mr. CAass1N1, exemplified in 
the Tranſit of 1639, now firſt done into Engliſh. : 

I have alſo added an Account of the Motion of the Nodes of Venus, 
ind if in all the Tables hitherto publiſhed that I have ſeen, in 5 

4.2 13 


155 
der tht the Reader might have a proper Notion of ſo Ahn 4 
Principle. | 
As to the Geographical Principles of the T; ranfit, I have illuſtrat- 

ed them by the Uſe of the Terreſtcial GLOBE, 41 4 Receſſary Introduce 
tion to the whole. Nor is the Uſe of the Celeſtial GLoBs inconfiderable, 
et thereby any Perſon, curious in theſe Matters, may 15 attain to 5 

practica Method of of determining the Angle ES Z {ſee Figure * 
50 Plate III.), made by the Circle of Latitude E R, and th 7 
CSN, 4 which means the Poſition of the EctieTic T Lwoill be 
obtained, and thereby a Repreſentation of the, ſolar Dio forme 
large as you phaſs for * Place and Moment of the T rene vb 'Y 
this means alſo the ſc henomena of the Tranſit may be - fed 
ed by the Scale and 1 and a Wlamerer adjuſted for mea- 
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— moſt fimillir at gn Wa We: ethibit- | 
ing the various Phænomena of a Planet tranſiting the Sun's 
Diſk, is hy means of the artificial Globes, I ſhalÞ here — 
that Method, by way of e to Dr. HALLE wy 00. 
and what afterwards follows. . 2421-20, ar 
In order to this, we firſt clades the Place of aue de | 
Ecliptio, and his Deelination for the middle Tine of the Framſit, | | 
and then, by rectifying the Globe, we can eaſily: ew alF thoſe 
——— ate Be portings the Skim and End : | 
af the Tranſit can be obſerved, and at what particular' Times of 'the | 
News as alſo. how; by the different Directions and Motions upon | | 
Parts of the Globe, the Times of the Framt Will be. 


ſo as to be in ſome Places longer; and in others ſhorter; pO 

and: laſtly, what: Poſition the Ecliptic will have in regard to à ver- | 

_ tical Circle for any given Placez/and' of 'courſe what dhe Poſition vg i 

the Path of the Planet will be, in its Paſſage over the Sun for that 8 | 

particular Place; all which together will conſtitute a g Idea | 

of this great and moſt intereſting Phenomenon. | 

The Place of the Sun in the Ecliptic, when the Planet Fas | 
will be ſeen to enter his Diſk, is in 1.5* 30! of Gemini, and of courſe | 

his Declination will be near 227; and therefore if the Globe be | | 


rectified for that Parallel of 22. Latitude, then will it be in a Con- | 
dition to exhibit all the Appearances of the Tranſit. This we pre- 1 
fume the Reader knows matt be done by eltvating the North-Pole 
22* above the North Part of the Horizon. ot : | 


FO 


The Time (reckoned at LoxpoN) of the Beginning of the Tranſit. 
we find, by Dr. HaLLey's Tables, is about Five Minutes after II. 
ig the Morning, on the Ninth Day of June next; the true Conjunc- 
tion, or rather Middle of the Tranfit, will be about half an Hour 
after V.; and the End about three Quarters after VIII. So that the 
whole Duration will be little more than fix Hours and a half. 
Now to ſhew all the Places on the Globe to which the Br- 
Sinn will be viſible; you bring the Place (Lon DOx, for 
Inſtance); to the Meridian ( a reQified the Globe as above di- 
rected) and then place the Hour-Index at the Hour of II. in the 
Morning; then turn the Globe about till the Index points to XII. 
at Noon, and the upper Hemiſphere will then be that only, in 
which the Beginning of the Tranſit can be ſeen; where you will 
obſerve that all thoſe Places which lie under the Meridian, will ſee 
 Fenus enter the Sun's Diſk upon the Meridian at XII o'Clock. But 
theſe will be very few viz. The Eaſtern Parts of Muſcovy, and 
Neu Britain, near the Equator; the Great Paciſc Ocean almoſt 
wholly occupying the Meridional Parts of the Globe. And here it is 
to be obſeryed, that the Sun is vertical at that Time to the moſt 
Northern of thoſe Iſlands called the Ladro ne. 
In the next Place, you obſerve all the Places of the Globe lying 
under the Weſtern Semicircle of the Horizon; for to them the Fun 
will be then riſing; the Reaſon of which is evident, becauſe the 
Sun being over the middle Point of the Hemiſphere above the Ho- 
rigon, will illuminate the ſame throughout; and the Wooden Ho- 
rizon. of the Globe is now, properly ſpeaking, the Solar Horizon; 


© and the general Meridian, in which he San is, becomes the Horizon” 


to all thoſe who lie under the Weſtern Horizon of the Globe. 
Theſe Countries, by. the Mation of the Globe, are juſt entering 
into the illumined Hemiſphere, and ſee Venus entering the Suns 
Diſk, juſt riſen above their Eaſtern Horizon. Theſe Countries, you 
Will obſerve, are Norway and: Stoeten, Puland, the Black Sea, and 
all the middle Part of Turty in Aßa; after which, to the 
Southern Parts of the Meridian, you ſee nothing but the Great 

Eaſtern Ocean. 0 05 * ee cx 15269 07 B22 C1 Na 
From hence it follows, that all in that Quarter: of the Globe 
Which lieth between the Weſtern, Horizon and the Meridian, will 

ſee the Beginning of the Tranſit ſome time in the Morning, or 
Forenoon, and later in Proportion as they are nearer to the Meridian, 
at the rate of an Hour to every 15˙ in the Equator. So that from 
r hence 


Lv 
Sa will-be very-ealy to know, by Inſpection, the Hour of the 
Morning when this Phænomenon can be obſerved; "becauſe; on 
Senex's; twelve- inch Globes, por Meridians are real HoursGirdles, 
being drawn through every 15* of the Equator,” and conſequently 
are 24 upon the Whole. > Vols tba caft your Eye on the Eaſtern 
gemicircle of the Horizon, and under that yeu ſee but a ſhall 
Part of the inhabited Globe, biz. Hudſon's Bay, che Weſtern and 
| -Weſt- unknown Parts of North America, and Southern Parts 
of Calfornia. If they have ever heard of the Tranfit, and have 
any Means: of viewing the Sun; they will ſee the 3 + — 
Didk luft at the Sun is ſetting, becauſe at that Inſtant the) 
the Motion of the Globe, carried Eabwald out of the enli of 
eres do viotidimeve nofigd Silt 01 A st hops, N 
It iö very remarkable, hat all this C uatter of the Globe; between 
Meridian and Eaſtern Horizon, is covered with Water, e except 
ſome of che unlenown Parts of America, extending towards Miiſcovy ; 
nd. therefore it is ptubable the Beginning of, e Tranſit will not 
obſerved in the Afternoon re, unleſs by-thoſe-who' Navi 
gate. the Great iPacific Ocean: 59 Hiw 3: 270: tx) sin 10 17! . 

It is further to be obſferved, Mat all theoParts of che World 
which he on the nether Hemiſphere, cannot ſee the Beginning of 
the Tranſit; among which, belqu the Weſtern Horizon, near the 
North, you will obſerve our Iſland of Great Britain, great Part of 

Europe, all Africa, and n 65. hus much bor the 
 BzG1ynine:of the:Tranfitz; 1217 | au en 02 een It 
In the next Place, — the mente Robe! Mehr of 
the Tranfit. The Globe remaining rectified as before, you bring 
the City of London to the Meridian, and there holding it firmly, 
you ſet-:the:Hour-Index'to half an Hout paſt V. in the Morning, 
and then revolve the Globe till the Index points to the Hour of XII. 
at Noon x and thus you will have in View that Hemiſphere of wr” - 
Globe in which the Mippie- of the Tranſit can be ſeen, viz! all 
above the Horizon. And to thoſe who inhabit the Hemiſphere 
below, which are, nearly, all the Parts of America, and the 
Weſtern Parts of ur . Wo” the Tranſit ow not ow 
EE 

From 2 we have fac e * is erde chat to all tis 
Parts of the Globe which now lie under the general Meridian of 
the illumined Hemiſphere, Venus will appear in Conjunction with the 
Sun at XII O Clock. Theſe are all the Midland Parts of A/a, 3 


15 theſe yon will obſerve our. Iſland at a ſmall Altitude above the Ho- 


1 thy donors, Pf Mr gr of vr near which you 


Will ſee Bencooſen, in the Iſle of Swmaren.” 9 2507 adde Zünd 
In the. Weſtern Hemiſphere ybu —— cliche Counrievth 
the Weſtern Semigizele of the He Hotizon m which the Sun will riſe, 
With Feuus advaneęsd ta the middle Part of her Path over his Disk. 
Theſe are pnly the Weſtern and Southern Parts of Africa,” In all 
Quarter been the Weſtern Horizon and the Meridian, the 
Middle of the Tranſit will be ſeen in the Forenoon, earlier or lers 
as the Places are more remote,-dr nearer-to the Meridian. Among 


rixon, having r into the illumined Henn 
ſphere but one Hour and half. 1 202 10N0N0M d: 
By turning the Eye to che/ Eaſtern Semicircle of the Horizon, 
you-wilt find. nothing but tho Grran Pacific-Ocean lying under it, 
excepting a ſmall Portion of the undifcavered Parts of Nori Ame- 
rica, and ſome Parts of the Coaſt o Net Aeuland, in Souther La- 
titude, It is merefore that the Middle of the Tranſit 
will be no- Where obſer but in all the Countries in 
this Quarter of the Globe i "will be ſeen 4 forme time of other in | 
the Aſternpon, and to: moſt off them before-I'Voo'Clocki!:it 7: 2 
In the laſt Blace, for the Exn of the Tranfity which is at Three- 
2 after VIII. in che Morning, we. muſt che Olobe for 
Dime; that is, bringiog Londum to the ian, you 
ict the Hour- Hand to that — and. — the Globe ein 
it points to the upper XII. es will hate preſented to your 
View; _— ere of. ho Elle in Which by the Bo of the 
Tranſit, can, — oni 1% anfaiong Sele) ! 4 : 
To all the —— the Menklina, — ap 
dear to go off from the duns Disk at Noon. Pheſe are all the 
Naſfern arts of RH the Ciſman Sta, the Weſtern Part of the 
Kingdom. of Hen, and the Eaſtern namen the 
North: Part of the Aſland oh Madagaſcaa rt. 
In the Weſtern Semicircleiof the Horizen you ſee thoſe bunu, 
where the End of the Tranſit will appear at Sun-riſfing, among which 
are the Eaſtern Parts of HugſonH Bay, in Noreb America; North Bri- 
tain, Nova Scotia; and a ſmall Tract of the Eaſtern Parts of Brasil. 
N Dy of the Globe; among thoſe who ſee the End — 
Tranſit in the Forenpon, you obſerve the whole Continent — — 
an " ban N dur Tlland nr in No! 
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 titude, nd Sec Hebno” in the South, viewing this Phenomenon 
nearly at the fame Time of the Day. 11 
In the Eaſtern Semicircle of the Horizon ſee. a few-Countries 
lie but moſt of them unknown to us; an probably not an Inha- 
ditant among them all will ſee Yeaus make her Exit from the Sun's 
Disk at his ſetting. However, a great Part of the World, the vaſt 
Continent of Ala, will have the Pleaſure of viewing this critical 
| Phenomenon ſome Time in ane if che Weather prove 
Tiles roo wetter ts Sadabe gin & of the Tranſit 
us to various ppearances ranfit 
for nie aig ce, as well as London. Having firſt. obſerved the 
Difference of Longitude between the Meridian of London and the 
_ Place, and converted it into Time, by which Means the 
imes of the Beginning, Middle, and End of the Tranſit become 
known, and the various Appearances ented for that Place, 07" 
the ſame Manner as we have now done for London. | 
The diurnal Motion of the Globe being in a Direction PER Weſt 
to Eaſt, and that of Yenus over the Sun's Disk being the contrary 
Way, from Eaſt to Weſt, will cauſe her to be ſeen a leſs Time on 
the Surface of the Sun, than ſhe would have ap if the Earth 
were at reſt; or if ſhe was viewed only from the Earth's Center, 
which is at reſt with Reſpe& to the ſuperficial Parts; for in either 
of thoſe Caſes, we ſhould ſee the true and real Motion of Venn. 
Whereas now, as we are moving towards the Planet, or to meet it, 
the Time of the Beginning or er nd of the Planet will neceſſarily 
be contracted. And r e the Cel -vE/all then that 
live in ſuch Parts of the Earth where the Beginning and End can 
be obſerved, as at Bencoalen, in Sumatra; and all other Parts of the 


Eaft Indien. But as every Place, while it deſcribes» the noQturnah 7. 


Part of its Parallel, has a different Direction of Motion from that 
in the diurnal Part with Reſpect to a diſtant Point in the Heavens, 
fo thoſe Motions in the nocturnal Parts of the Parallels will have 
the ſame Direction as the Planet Venus itſelf; and conſequently 
ſuch as are in a Situation to view the Beginning and End of the 
Tranſit, while they deſcribe their nocturnal Arches, will have the 
Duration of the Tranſit _— longed ; for if we move the 


fame Way with another Body ion, that Body will appear to 
_ flowly than it 22 we ourſelves had no Motion 
at 3 


A | | Now 
; | 7 5 
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thei Plaehet Vent e bare bebe fanie 
Diſk ſo near the Sun's Center as HAT T, vindhis!: 
Diſſrrtaridn has ſuppoſed, then her PFeatb over tha Swilwdnld! be 
eonkfadexablyrlonger than Six Houts and a Quarter; beforee mentioned 
vix. altoſt Right | Hours ; Which would have given — 1 i 
the Beginning and End of the — — 
-above-mentoned Diections, Wx, Thee ef che 
Indic as contrary Way to the Planet, and thoſe at Fart: AA 
Jon "(at the Mouth of York River, at Hudſon's Bau- in Na dlmerred) 
moving the ſame Way with the: Planet; for: thoſe latter Ob- 
ſervers at Hort Nelſen would not only have obſerred the Beginning 
of the Franſit at Sun ſet, but —— the End of it at 
men IG rr danger — ra 
than thoſe in the E et, as yo ma 8 
the Globe, as: before directed. for the Hours of II. in the Morning, 
and Three- quarters aſter IX. for the End... 
But there is great Reaſon to ſuppoſe (as we ſhalt heneaſter ſhew) 
that by reaſon of the Motion of Venus s Nodes, ſhe will be cars 
ned- much lower on the: Suns Sutface,, and thereby the Time, 
both at tlie Beginning and End of the Franſit, will be con- 
tracted); and though not enough, at the Beginning of the Tranſit, 
to rendet it inviſible at Fort Netfon, yet the End of it at Three- 
quarters after VIII. will be ſo much earlier than before, that Fort 
NMelſon will not have reached the Weſtern Horizon at the Time that 
. Kenus departs. from the Suns Disk at her Rating; all which is plainly 
obſerved from the Globe rectified a IIS 1 thaſe pas 
ticular Times. e in And 8 Hat n 
Sinde che Boctors Didertationis to ſhow: 15 the: Ponal, and 
5 3 the Diſtance, of the Sun from the Earth, may in a 
great Degree be aſcertained from the Difference between the true 
and apparent Duration of the Tranſit, it follows, that if the Be- 
ginning and End of the Tranſit could have been obſerved at Fort 
Netſen as well as at the Indies," that then this Diſcovery could have 
been made to that Degree of Exactneſs which the Doctor pro- 
ſes ; via. to within at leaſt a frre hundredth Part of the Whole. 
at as the Caſe is now like to prove, the apparent Duration by its 
Contraction only at the Indies will have a leſs Difference from the true 
. een therefore we mult — — n "+ 


1 1 
fect Dejertalantion” of the Suns Parallax OR 0 were at firſt in 


W tion of. 


ut as another Tranſit of the fame Planet, at the ſame Node, 
will happen in the Year 1769, on the 3d of June, which would 
have proved of little or no Service. to us, had the preſent Tranſit 
been ſuch as we firſt expected; yet, in Proportion as this is ren- 
dered more deficient for anſwering the* pro mr Diſcovery, that 
will be made more ſubſervient to 8; and, indeed, will fully anſwer 
all that can be expected from a Tranũt, and leave nothing more to be 
hoped for. So that, upon the Whole, we ſhall have two Tranſits, 
by this means, inſtead of one; and if we make the beſt Uſe of 
each, there is no doubt but Aſtronomy will, in ten Years Time, 
attain to its ultimate Perfection. But of this Subject, and more 


particularly of the Tranſit in 1769, we may take another Opportu- | 
- nity of diſcourſing more at large. | 
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Dr. H A L L E VS 
DISSERTAT 10 N 


1 5 On che MzTHoD of Ing the el 1 th 
PARALLAX of the SUN 
S d ee THE no t ron Lhettrt 


TRANSIT of VENUS, Joxe 6. 1768, 


N. B. 16 dee hire to the Royil garen. and plied 
We _ their T as Ne 348. 


I. O Problem ſeems of a more difficult Nature then har 
N which is propoſed, to determine the Diſtance" of the Sur 
| from the Earth near the Truth; which yet, from pro- 
r Obſervations * obtained at particular Wines and Places, ma 
* ſolved without much Labour; and what I now propoſe to this 
Society is, to ſhew our + young Aſtronomers (who - may. live .to 
ma: thoſe eie en 4 Mees . by ae chez ney l 
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* The Opierrations here RT WP! to are thoſe eh are to be made o on the Tranſie 
of Venus over the Face of the Sun, in the Year 1761, at the Eat Indies on one Part, 
and at Hudſon's Bay on the others, as, js more full declared i in the Sequel of this Diſ- 


. 

Pocdor had Reon . oung 2 „ becauſe at the Time he 
vious is which was about the. Year 1718, of Venus was at the Diſtance, 
of 43 Years. 


t The Method Propoſed by the Dodtor for this Parete! is the Subject of this Dillers 
FF Nog viz, The Difference of the Times of the Tranſit of Venus over the Suns Diſks, 
obſerved from the two diſtant Parts of the Earth before-mentioned. The Doctor, wha) 
is on all hands allowed to be the a Judge in thoſe N has given "_ good 


- 


KD 2 


ES 


his Followers; às al Copgrnicus and\Tychp Brabe, have computed. 
it at 1206 Semi-dtameters of the Earth; Kepler it almoſt 3 500 ; 


* 


zs mu y. ; b A y A A CO; LA . % Ez 
Y Ul ut at length it was found, upon obſerving by the Teleſcope, 
Venus and Mercury on the Sun's Disk, diveſted of their borrowed 


Light, that the apparent Diameters of the Planets were much leſs 
than hitherto they hag, been ſuppaſed to be; and. in particular, that 
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Reaſons why the Planet Mercury, ſeen in the Sun, will not afford ſo good an Oppor-- 

tunity for determining the Sun's Parallax as the Planet Venus; concerning which, in a: 

former Diſſertation (ſee Tuanſ. Ne 5 as well as in the preſent, the Doctor 8 
hi 


of the Tranſit of Yeaus as that by which alone this great Point can be obtained. This 
Sight, fays he, which is op far the nobleſt that Aſtronomy affords, like the Secular. 
Games, is denied to Mortals for a whole Century by the ſtrict Laws of Motion; it 


will be afterwards ſhewn, that by this Obſervation alone the Diſtance of the Sun from 
the Farth may be determined with the greateſt Certainty, which, on account of the 


Parallax otherwiſe intirely inſenſible, hath not hitherto preciſely defined ; and at 

the Concluſion of that Number, he hath this remarkable Paragraph :: 

The principal Uſe of theſe Conjun#tions is accurately ta determine. the Diſfance of the Sun 

Tren the: Earth, or bis Parallax, which Aftronomers bane. by. ſeveral Mithads attempted in 

vain, whil/t the Smallneſs of the Angles. ſought, does: eaſily elude the niceſt Inſtruments ; 
ing” the Ingrefs of Venus into, and Egreſs from, the Sun, the Space f Time 

between. Moments of the internal Contatts may be obtained to . that it, 

4 


pes. and Clack 

ves, accurately for ſix or eight Hours... _ _ | EY: 
The Methods by which the above-mentioned Aſtronomers attempted to determine 
the Parallax of the Sur be ſeen at large in their Writings, or in the Aſtronomical. 
LeSures of Mr. M biſton, Dr. Keil, and other modern Books of Aſtronomy. The moſt 
antient, and by far the moſt conſiderable Geometrical Method for determining the Pa- 
rallax of the Sw, is that of the famous Diagram of Hipparchus, which was uſed by 
all the antjent Aſtronomers. The ſecond Method is, by the Obſervation of the Luna 
Dichotema, or Mean, when the is in one of her Quarters, and appears to us exactly 
biſected. This Way was uſed by Aftronomers of the laft Age. The third Method is, 
the Obſervation of the Parallax of Mars, invented by Caſſini, and followed by De la 
ire, Flamſiced, and others. But after all their moſt diligent Obſervations, 'and the 
Uſe of the moſt exquiſite Inftruments, they could arrive at no greater Preciſion than 


this, that the Sun's Parallax was certainly more than nine Seconds, but leſs than twelve; 
_ to that the Diſtance of the Sun could not be known within a fourth or fifth Part of the 
Whole; whereas *. the Doctor's new Method it will be known to an hundred Times 


Cans On Th-Y 3 wm IRE: Ky 
WR ARS Venus's 


oy 


a without any great Nicety or Skill required in the Inſtruments or 


Rigcioli doubles this laſt, Diſtance, and Heuelius makes it only half 


ttce immenſe Diſtance of the Sun, within the gooth Part of the: 
ä K 
Ik. Ir is well known that this Diſtance of the Sun from the 

| Earth is ſuppoſed different by different Aſtronomers; P?olemy and 


= 


IS. 

Venus Semi. ckameter, ſeen from the Suy, only ſybrends the fourth 
Part of a Minute, or fifteen Seconds: and that Mercurys 
diameter; at his mean Diſtance from tlie Sun, is ſeen under 3 
Angle ten Seconds only, and $ S Re pare under the fame 
Angle; and that the Semi- diamete of Jupiter, the biggeſt of all the 
Ne ſubtends no more than the ws Part of 4 Minute at the 
Sun; whence, by Anal6gy, ſome 'modern 'Aftrotiotn&rs cbnclude, 
that the Earth's Semi- diameter, ſcen from the Sun, fübtends a 
mean Angle between the greater of Jupiter and the leſſer of Saturn 
and Mercury, and equal to that of Venus, viz. one of fifteen Se- 
conds; and conſequently that the Diſtance of the Sun from che 
Earth is almoſt 14000 t derer of the latter . 
IV. Another Confideratlon has made thels Authors emlar ng 
Diſtance à little more; for ſince the Men's Diameter is 3 
more than a Quarter of the Earth's Diameter, if the Suns Parallax 


be ſuppoſed fifteen Seconds, the Nee of the ve nh Sk would be bigger 
than Gar of Mercury; to wits.a feco t bigger than a 


rimary one; which ſeems fer lar Proportion 
voir Symmetry of the Mundane 5 —_ 1 5 
V. But, on the contrary, it ſeems hardly conſiſtent with the 
ſame Proportion, that Venus, an inferior Planet, and without any 
Satellite, ſhould be bigger than our Earth, a fuperior Planet, and 
accompanied with ſo remarkable a Satellite ; therefor at a Mean, 
ng che Bart#s Setni-diameter ſeen from the Sun, or which 


* Sir 1 Is AA NRW TO collected from Mr. Pound Oben made with 
Micrometer applied to ris * I Teleſcope of Zap Ter that an Obſerver at the 
Sun would ſee . at his mean Diſtance under an Angle of 160%; and Jupiter under 
an Angle of 37 ens. found the; apparent Diameter of at — 

wn b. Ha ng 1 obſerved the Diameter of Maurcury to be 2% gv and thenee 
concludes that of Venus to be 30 2 her mean e (lee Phil Trane No 386. ) 
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[4] 
is the ſame * the Suns horizontal Parallax, to * eh Se- 
conds and a half, the Moon will be leſs than Mercury, and- the 
Earth bigger than Venus, and the Sun's Diſtance from the Rows | 
come out. nearly 16 500 Semi diameters of the Earth *.  _ 
VI. The Doctor admits of this Diſtance at preſent, till its 
ciſe Quantity. be made to appear more certain by the Tri 
propoſes; nor does he regard the Authority of 9 as ſet the = 
At an grand HGH ROS. e on 55 dene «; , 


4 
een < a 151 p = 1 4 * 


* A general Method for determining the Proportion of the We of the ſeveral 


Planets is eaſily deduced from the Ratio of their Diſtances from Int. _ ac- 
1 to the | periodical Tut their r are as ES 


8 1 5 51 x 0 * ! U MH 
e 72333 10680 7 150369. | 320096 © 953006 | | 


308 . "Therefore, le D= apparent Diameter of the Sim. 8 
118711 P ditto of the Earth. © aN e 162.4] 
4 the apparent Diameter of the Planke. 
- a = Diſtance of the Forth from the Sun. 
; 5 == the proportional Diſtance of the Planet. 
S8 & == the real Diameter 1 ane r | 
AW E =ditto of the Zarth. i GOIN 
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| Then it bil be D: P: 8: been. 
e ee heDitancrof the Bareh; therefore B dxs: 28: N. — 


EP. N or E: N. 24 P; 4 5; whence it appears, een eee | 


the Magnitudes of the Planet and Zarth will be known when the Sun's Parallax is de- 
termined ; 'and that the Diameter of the Planet is reciprocally EGG to that Pa- 
rallax, or half the Quantity P. 
Upon Suppoſition therefore that the Earth's apparent Diameter is 30% and that of 
Mercury 20% then the Proportion of their Magnitude will be as 100000 x 30 to 387 10 
X20; that i is, as 3 to 77420, or as 109 to 28 nearly; whereas the Magnitude 
of the Earth is to that of the Mom as 109 to 30; the re the Su poſition” makes 
Mercury leſs than the Moon in the Ratio of 28 to 30, or of 14 to 1: 5: But if the Sun's 
\ Parallax be 12“ 1, or the —— Diameter of the Earth 25”, then 100000 X 25 is 


to 38710 X 20.a8 109 is to ly ; in this Caſe, therefore, the Planet d will be 
bigger than the. Moon, in the — A. of 34 to 30. And the Sun's Diſtance will be 
nearly 16500 Semi- diameters of the Earth. On the other hand, the Sun's Parallax be- 
ing 15”, that of Venus will be 54 (fee the Note to Art. VII. ), and the Magnitude of 
the Earth and Venus will be as 100000 x 30 to 72333 X 54”, or as 30 to 39, nearly; 


vibrating 


OY Ik in this caſe, be near + Part igger than the Earth. 
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. T63-- 

vibrating Pendulum, which are not, as it ſeems, accurate enough 
to determine ſuch minute Angles ; at leaſt ſuch as uſe this Method 
will find the Parallax ſometimes none at all, and ſometimes even 
negative; that is, the Diſtance, will become either infinite, or 
more than infinite, which is abſurd ; and it is ſcarce poſſible for 
any one certainly to determine, by Means of Inſtruments, however 
nice, ſingle Seconds, or even ten Seconds; and therefore it is not 
at all ſurpriſing that the exceeding Minuteneſs of ſuch Angles has 
hitherto baffled the many and ingenious Attempts of Artiſts s. 
VII. As the Doctor was making his Obſervations in the Iſland of 
St. Helena, about forty Vears before, on the Stars round the South 
Pole, he happened to obſerve with the utmoſt Care Mercury paſſing 
under the Suns Disk; and, contrary to his Expectation, he very 
accurately obtained, with a very good 24 Foot Teleſcope, the very 
Moment in which Mercury, entering the Sun's Limb, ſeemed to 
touch it internally, as alſo that of his going off, forming an Angle 
of internal Contact; whence he en the preciſe Quantity of 
Time the whole Body of Mercury had then appeared within tha uss 
Disk, and that without. an Error of one ſingle Second of Time; for 
the Thread of Solar Light, intercepted between the obſcure Limb of 
the Planet, and bright Limb of the Sun, though exceeding ſlender, 
affected his Sight, and in the Twinkling of an Eye both the Inden- 
ture made on the Sms Limb by Mercury entering into it vaniſhed, 
and that made by his going off appeared. Upon obſerying this, he im- 
mediately concluded, that the Sun's Parallax might be duly determined; 
byſuch Obſervations, if Mercury, being nearer Pe Earth, had a greater 
Parallax when feen from'the Sun ; br this Difference of Parallaxes 
is ſo very inconſiderable, as ta be always leſs than the Sun's Pa- 
rallax, which is ſought; conſequently, though Mercury is to be 
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: * The above Pai ph mentions the Vibrations of a Pendulum as the Means of deter- 
5 — the ons Di 5 ce N but I find no mention 1 of this Method by any other 
Author ; and from the Nature of the Thing ing, it muſt. appear precarious, uncertain, 
and inſufficient for any ſuch Purpoſee. y „ os, FT. abs. 4 
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_ [6] 
frequently ſeen within the Sun Dick, he will ſearcely be fit fot 
the preſent Purpoſe *. 

VIII. Therefore, hors: e Venus 8 Tranſit over the: Sun 
Diſk, whoſe Parallax; being almoſt four Times greater than that of 
the Sen +, will eauſe very ſenſible Differences between the Times in 
which” Venus ſhall ſeem to paſs over the Sun's Diſk in different Parts 
of our Earth: From theſe Differences, duly obſerved, the Dr. 

. affirms,” the duns Parallax may be determined, even to a ſmall 

: Part of à Second; and that without any other Inſtruments than 
Teleſcopes 4*and good common "Clocks, and without any other 

— Qualifications in the Obſerver than Fidelity and Dili ce, with a 

1 1 in 2 ; "08 your need not — ſerupu s in finding 
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iffarence of thoſe Parallaxes is the Angle M TS. Now as theſe Parallaxes,/ and 
exence,, are proportional to. the Lines MT, SI and & M, which are in a 
given Ratio to each ew er ; they will allo have a conſtant Proportion among themſelves 
and therefore when any one of them is n ſuppoſed to Known, he others will 
be known according to that H 
Ton Enanain the Solar Ps E be 12% 4, then it will be MT" > 8. ler 
ME.:SE): : , 10000/: : 1271: 20% L ME, the Parallax of Adarcury, 
nearly ; z then 1 Difference is 7* T for the Angle M T 8, on the above Suppoſition. 
Now this Difference of Parallaxes is leſs than the Sun's by more than 4” 1; and fince 
the Parallax of the du is to be found by the Difference: of the Parallaxes from Obſerva- _ 
tion, the Planet Mercury will not be ſo proper for this Purpoſe as Venus, where the Dif- ( 
ference of Parallaxes will be ſo much more conſiderable. 
+: By the foregoing Proportions of the planetary Diſtances from the Sun, the Dic. 
tance of —1 DE arth is to the S Diftance as 27668 to 100000 therefore b 
r 2: 22S: 45% nearly, which is the Parallax of Ven, from ; 
rake the Sun's Pa Parallax 1 Þ chete remains 32“ 4 for the Difference; or Paral- 
| lax of Venus from the Sun, which is more than four Times as pd as that of Mir 
h cury, 7” , found in the laſt Note. Alſo Yenus's Parallax 4 almoſt four Times 
3 than (127 +) the Parallax of the Sun. 

If the Sun be viewed with a Teleſcope which magnifies about 15 or 20 Times, it 
© will ſuffice for ſhewing the Contacts of the Limbs of the ſolar and venereal Diſks ; and 
alſo if the Micrometer be adapted in the Focus of the Eye-glaſs, the Latitude of Venus 
in the Middle of the Tranſit may be meaſured, and thereby her Theory, Motion of her 

Nodes, &c. may with great Accuracy be aſcer tained, 


the 


the Latitude of the Place, or in accurately determining the Hours 
with reſpect to the Meridian; it is ſufficient if the Times be rec- 
koned dy Clocks, truly corrected according to the Revolutions of 
the Heavens 7, from the total Ingreſs of Venus below the Sun's 
Diſk, to the Beginning of her Egreſs therefrom ; when her opaque 
Globe begins to touch the bright Limb of the Sun; which Times, 
as the Dr. found by Experience, may be obſerved even to a ſingle 
Second of Time. * ( o: { iin W5 * WO = . 074 FP i HIER 
IX. But, by the limited Laws of Motion ||, Venus is very 
t The Clocks or Watches uſed in obſerving this Phænomenon may be eaſily cor- 
rected, by abſerving the Revolution of a fixed Star to a given 9 for a few Nights 
befare-hand, in the following Manner.——Let a Teleſcope, with croſs Hairs in the 
Focus of the Eye-glaſs, be frxed in ſome convenient Place to obſerve the" Tranfit of a 
Star over the vertical Hair; and there let it remain immoveable for ſome Time. Then 
obſerve the Moments of Time when the Star comes upon the vertical Hair two Nights 
ſucceſſively, and if the Time of this Revolution of the Watch or Clock, by Which 
you obſerved it, be juſt 23 Hours, 56 Minutes, and 4 Seconds, you will be ſatisfied it 
goes true. But otherwiſe you muff alter it, tilt you find it will ſhew the Return of the 
tar to the Hair ſooner wy three Minutes and 5& each ſucceſſiue Night, than the fore · 
going. For want of à Teleſcope, a ſmall Hole made in a Window-ſhut, to obſerve. 
iſappearing of a Star behind a Chimney, or any opaque Object that is ſharp, will do 
nearly as well. The Reaſon of ſuch Correction is, becauſe 3: 56“ of Time, anſwer 
to 59“: 8“ of Motion, which is that by which the Motion of the Earth in 24 Hours ex- 
ceeds one entire Revolution on its Axis, which is always made in 23 : 560: 4” preciſely. 
The Reaſon why no great Accuracy in regard to the Latitude of the Place is neceſ- 
ſary, will appear hereafter. Nor is it requiſite to define the Hour of the Day for the 
feveral, Phznomena of the Tranfit ; the Diſcovery of the ſolar Parallax dependin 
only upon the true Quantities of the Duration thereof, and their Differences, as ob. 
ſerved in two diftant Places, on oppoſite Parts of the Meridian. 
In Tranſ. No. 139 here referred to, the Dr. has ſhewn from the Theory of Yenus's. 
Motions, the Method of aſcertaining the Times when-ſhe will tranſit the Sun's Diſk, 
both at the aſcending and deſcending Nodes, and tabulated them as bel ww. N 


In the Month of NOVIU II. In the Month off Mar. py 
 [VearſFime of Dit. from Cent: ime NA D it. from Cent. 
* e e omg 4 23 3 
918 20 21 nr; 24 13 45. „ Bf? 
11161 20 10 6 58 A} 12831 23 2 1 * A. 
1390 23 7 20 4 5 291 25 13 9 14. 7 B 
| 2 | | 4 36 g #2174 HO) 
"63x) 26 17 29 [16 xt BY $18] 25 16 3214 52: Ah}. 
wag 24 0371 © oo Ay. | lat $9 6 FE 
1874] 26 16 46| 3 3 Bf 1761] 25 17 55 4 is. K 
[2109] 29 2 $56 | 14 7 B] 1769 23 171 00 | 15. 43 3 
ELI 16. % 4 40960 2 2 13 13 30 A |. 
n | 2004. 25. 19 16h 0 R 


VN. B. In the Tables A Jenaces-this Tranſit over the ſouthern Part te Glas Die 
and B over the northern Part. And by adding 11 Days to the Qu Stile of the Tables, 
they are adapted to the NM w. F 


rarely 


tarely ſeen within the Suns Disk; and for a Serios of 120 Years 
and upwards is not to be ſeen there once; that is, from 1639, when 
Mr. Horrox was favoured with this agreeable Sight, and he the firft 


and only one ſince the Creation of the World, down to 1761 $3 
| . 


at which Time, according to the Theories hitherto found agreea 


to the Heavens, Venus will paſs under the Sun on May 26 in the 


Morning * ; ſo that (vide Phil. Tranſ. No. 193.) at London, al- 
moſt at fix o'Clock in the Morning, ſhe is to in the Middle of 
the Sun's Diſk, and but four Minutes more ſoutherly than his Cen- 
ter; the Duration of this Tranſit will be almoſt 8 Hours; that is, 
from two till almoſt ten o Clock in the Morning, and conſequently 
her Ingreſs will not be viſible in England; for the Sun at that 
Time being in 16* of Gemini, and almoſt in 237 of north Declina- 
tion, ſhall be ſeen not to ſet e e the whole northern frigid 


Zone; and conſequently the "Inhabitants of the Coaſt of Norway, 


as far as its northern Promontory beyond the Town of Drontbeim, 
may obſerve Venus entering the Sun's Disk, and perhaps this Ingreſs 
into the Sun at his Riſing, may be ſeen by the Inhabitants of the 
North of Scotland and thoſe of Zetland; but when Venus is 3 

g 7 =o 2 =: 3 ' 4 , e 
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Mr. Horrox (whoſe Life is in Page 271 of our BiocrAPHIA. PRILos. from 
his Skill in Aſtronomy was able to J the Tranſit of Venus in 1639 ; and having 
acquainted Mr. Crabtree therewith in a L 

to obſerve it with all Attention poſſible, and particularly to meaſure the Diameter of 
np ct, ſays he, Kepler has made 7, Lanſbergius 1, but I can make it no more 
Accordingly when the Day came, he made his Room dark, and took in the Sur's 
Diſk through a Teleſcope on a Paper Screen, and there obſerved the Tranſit, and 
found Venuss Diameter to be neatly 1 : 10%, After this (on April 20, 1640) he 
wrote to Mr. Crabtree, to inform him a ſecond Time, how much he had made the 
Diameter of the Planet in his Obſeryation ; for, ſays he, That I have forgot, but I 


remember what elſe you obſerved very well. Hence it appears that this Tranſit was 


obſerved by Mr. Crabtree as well as by himſelf, and that they mutually compared their 
-Obſervations on the Subject. Of this Phænomenon Mr. Horrox gave a large Account 
in a Tract he publiſhed, entitled, Venus in Sole viſa, which 22 . was pub- 
liſhed by Hevelizs with his Mercurius in Sole viſus. 8 | 
According to the Theories, on which the Tables publiſhed by Caſſini, Flamſieed, 
and Street, were conſtructed, the Calculation of the preceding Tranſit (in 1639) an- 
ſwered very well to Obſervation, For by Mr. Horrox,..the-geocentric Longitude of 
Fenut was obſerved to be 58 :,14* 260 30/ at the Time of Be tor Ingreſs, and the 
Caroline. Tables give but 1” more. Again the obſerved geocentric Latitude at the 
ſame. Moment was 100: 7 and by the Tables it was 10/ : 30“. Since then, the 
Theory of Venus anſwered fo nicely to Obſervation at that Time, one might * - 
+ Las | Ou 


ter dated Oober 26, 1639, be defired him 
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191 
the Sun's Center, the Sun will be vertical to the northern Coaſts of 
the Gulf of 9 or rather of n an Ch 

uently 


th. 


| ſhould d ſo now; and therefore I ſhall give the Reader a the' Ge. 
for the approaching — — 


The mean Motion of Venus. _ . 702 


The heliocentric Longitude of Ditto — S — 
— 
— 


Preceſſion of the Equinox add n 29 16 
Longitude from the Equinox 0 ds. . 8 15 | ; 
Place of * — — 8 15 - 
Dis | |"... es 7. dr IIS 


„esst . 
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— 7 SNooREAS 
. Diſtance of Yenus from 9 — 0 o 256 36 
Diſtance of Earth from 22:2: 2 0 
Inclination of South _ ==» — =—— 0 


Curtate Diſtance of Yenu ? 72668 12 
Diſtance of the Earth === = 1013557 | 


by 


As the Sam... = — "OO — 5 5241099 
To the Difference =-- „„ om 5 4460732 
So is the Tangent of 4 Sum of _ --- 1 30 go”... «i 66 

To Tangent of + the Difference 89.: 39 6 === 12.216316 


The Parallax of the Orbit 309 35 
The Elongation of Venus — 0: 17 : 7 


ens. 7 — 6.45098 
To the Sine of Elo 3 8 RE — 1,2405049 
So is the Tangent o Weg 29 £967... 885 | 6.658703 
To the Tan cd te Lal d War. SL IR . 
2 genere Po e 1 


e aca in the n 1 TOY when the Sm ay, at. 

| the 1-2 s of ade | ry ant to the Eaſt, and 

| lol, as, many to the 23 at bes Eee er apparent Motion 
1 Within the Sun's Disk will be accelerated. almoſt twice as much s 
in the. horizontal Parallax of 'Venus from: the Sum; ' becauſe Venus at 
that Time moves r from Eaſt to Weſt; whilſt in the mean 

Time an Eye, on the Surface * the N is > men the Canary 

Minton Weſt to Faſt. — | 


- ——_ % 2x 2. 
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Thus it appears, that at the Middle of 'the-Tranſit V. Voxus will be diſtant from tis 
Stun s Center 7 : 54“; and becauſe the Dr. makes it but 47, it is nl re he computed by 
the ſame Theory or Tables. But by his own Tables lately publiſhed, this Latitude 
of Venus is made of : 51”, as appears by Mr. Metcaife's erte in che following 


* 


Tie, , we? 
7 1761, Apparent Time A. M. 45. m. 
er ee — — — ¶ 3 3 2 a3; - 
-- Central Ingrefſss — ves. A 163 1 i 
4 Total Immerſion — gy. — 1 28 15 
Knot **_ Middle of the THanſit — — — 15 24 17 
1 x Neareſt Approximation of Centers — 15 be 50 
RN — == — 8 46 173. 
6 _ Emerſion - - + , — Fr s 29 
_--Gentral-Egreſs — — . 
+ HS. End of the Tranſit ws 2K — > ; 8. 43 FF -- ” 
- --- -Central Duration —— — — K. 15 72 
Duration of the Tranſit — — 46 37. 
+ - Lat. of Q at the ecliptic Con junction — 0 gr 1 , 
Horary Motion of Venus from the Sun — 3 55 57 


A French Author in his rdes has alſo made the Latitude _ other Phænomena , 
| > from either of the 9 The Particulars whereof for the Meridian.of 
_ | 5 7 We . 
f A ih The Ingo * — — 1 i 
| Total — 14, 19 
Middle of the Tranfit EET Ws 
y * Egreſs ins — 20 ; 
: 8 Total —— 20 


Duration of the Tranſit — 6 85 


Latitude at the Conjunftion +- 7 57 


: - Beſides the Parallax, another great Uſe of the Trait yill be to determine which of 
N te R X. 5s 
| | up- 


L 
the Sur's Parallix, as aß fad, to bee lye Se- 
* Sup 4 ppoking Venus Parallax will be forty-three Seconds; and 
ſubtracting the Sun 8. Parallax, thete will remain half a Minute at 
leaſt for the horizontal Parallax of Nuut from the Sun, and conſe- 
—_— FYerus's Motion will he accelerated 4 of a Minute at eaſt 
2 that lax, whilſt ſhe paſſes over.the Sun's Disk, in ſuch 
Elevations of the Pole as: 5 near the 77 epic; and ſtill more ſo in 
the Neighbourhood of the Equator; for Venus will at that Time 
accurately enough deſcribe within” the Sus Diſk four Minutes an 
Hour, and conſequently at leaft eleven Minutes of Time (by which 
the Duration of this Eclipſe of Nuuf will be contracted =; Reaſon 
of the Parallax) anſwer to 4 of a Minute; and by this Contraction 
alone we might fafely determine the Parallax, proyided the Sux's 
Diameter and Venus Latitude were bery accurately given, which 
yet we cannot Lese bring to a Calculation, in a Matter of ſuch 
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What relates to the Geo 1% Paar ke 4 be me 
the In TRODUCPFION, by the terre eftial Globe, which is 5 fy hey daes to pi 


In the Figure to Article VII, eee, pn 


the Earth's urface, to the Center of the Sun; and T M another Line a 0 from the 
ö — to the Center of a Planet M; the Angle STM which they contain, is called the 
allax of the Planet from the dun, or the Difference of Places in which the Centers 
of the Sun and Planet appear from the Surface of the Parth at T, while lg, * 
Time they appear from the Center E in the fame Point of Line E MS. 
This Angle 8 T-M TE T'SM, or it is equal to the Difference between 
the horizontal Parallax of the Planet and gun; which, in the Caſe of 15 is. * 
if we make the leaſt of it, and take the Doctors Number 30. for the P arall 7755 
from the Sun; then ſince Yenus's Motion upon the Sir's Dilk is 54 55 A gr 
Hour (as appears from her Theory) ; therefore if we ay. $24 40 * otion 607 of 
Time :: 30“ of Motion: 45” Time, which is Z of a Ps by which Fl Du- 
ration of her Tranſit is hourly contra&ed, But” ſince the Tranſit is contracted at eac 
End equally by the Parallax, the whole eee e will be in Proportion to doub e 
that Parallax,” or to 60“ of Motion, which i 8 r' 3& Hour in Time. And fi 
the whole Motion of Venut over the Diſt as ſeen from the Earth's Center, is. performs 
ed itnabout 7 Hours and 200 (according to the Doctor Hy pothheſis] therefore 746 
11% the Whole Contraction; ſo that to à Perſoꝝ at Bengal, the. aration of, the; 
ſit will be but Hours and g Minutes. | 
. Now ſince this Motion of Venus is eſkimated i Minutes of. a De 
Diſk, therefore if the Sun's Diameter, and Yehus's Latitude, or 
Center of the Sun at the Middle of the 1 could be accurately known, then . 
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Setting, and goes off a little after his Riſing; which will hap 


Parallax will grotract the Duration of the Tranſit, and make it at 
leaſt fix Minut longer; becauſe, whilſt the Sun ſeems to tend un- 
der the Pole from Weſt to Eaſt, theſe Places on the Earth's Surtace 


will ſeem to be carried with a contrary Motion towards the Weſt; 


that is, with a Motion conſpiring with the proper Motion of, Fe- 
nus; conſequently Venus will ſeem, to move flower within the Suns 
Disk, And continue e h 15801 
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2 * ngle Obſervation made in Parts near the Equator, the Parallax of Venus from 
e 

fince"the Latitude of Venus is at preſent uncertain from Theory, and can only be de- 
termined at the Time of the Tranſit, we have no Way left but to make as great a Dif- 
ference as we poſſibly can. between the Durations of the Tranſit, as obſerved: at two 
different Places. As the Parallax of Venus from the Sun will be the Cauſe of that Dif- 
ference, it is plain the more we can contrive to. magnify the Effect, the more compleat- 


Iy we ſhall be able to diſcover and eſtimate the Cauſe. And for this Purpoſe, another 


art of the Earth muſt be choſen, in a very different Parallel, and on the oppoſite 
Meridian, as will be ſhewn in the next Note. 12 5 


+ That the Difference of the Durations of the Tranſit may be as. great as poſh 


poſſible, 
the two Obſervations are to be made in Places where the Beginning and End can both be 


obſerved, and where the Velocity of Venus s Motion will be as different as ſuch a Con- 

dition will admit of; the Place therefore to which we are delegated for a ſecond Obſer- 

vation, is Port Nelſon, at the Mouth of York River in Hudſon's Bay, in the Parallel of 

56® Lat. The geographical Reaſons. for all which, are explained. by the terreſtrial 
lobe, in the Introduction. ft 


As at Bengal the Tranſit is contracted, by Reaſon the Spectator's Eye is there ;car- 


ried in a Direction contrary to that of Yenus's Motion; ſo on the oppoſite Meridian, 
at Port Nelſon, the Motion of the SpeQtator will conſpire with that of Yenus, and by 


But the Quantity By which the Duration of the Tranſit is cantracted in one Caſe, 
and protraded in the other, is proportioned to the Chord of the Arch through which 
the Spectator is Gy the Earth's diurnal Motion from the Beginning to the End 
of the faid Tranſit; theſe Chords are, in the Parallel of the Ganges, 22% 300, and of 


chat Means protract the Continuance of the Tranſit, as is evident from the Principles 


1 50, 8 1 2 — wo hereafter) therefore tay, as 
148: 92:17: 64. re at s Bay the I ranſit will be prolon 50 
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un, and from thence the Sun's Parallax itſelf, might ſafely be determined. But 
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in the faid Meridian in about 56“ of N. Lat. that is, at Ne ͤl — 
Harbour in Hudſon's Bay; for in the neighbouring Places Henuss 


Xl. Therefore we muſt have another Obſervation, if poſſible, in 
Places where Venus poſſeſſes the Middle of the Sun at 5 
under the oppofite. Meridian; that is, 6 or go more weſterly than 
London, and where Venus enters the Suns Disk a little before hs 
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XII. I therefore, in both Places this Tranſit happen to be duly 
obſerved by proper 8 . is evident that the Mara 8 be 


— , 1 
7 C45 nn 
. + » UL. AS LS BEDS... 


r FOR | —F75 F. 7 be THY RI 4 | 
þ Thar Go muee. omer (for whom this Comment is intended) may more rea- 
dily ſee the Reaſon. of the whole Affair, as far as Calculation is concerned in it, I ſhall 


lay before him a Specimen of a more accurate Computation for both Latitudes, which 
he will ſee illuſtrated by the Diagram in the Introduction, where A F EG is the 
Earth's Equator ; GH, the Orbit of Venus; ABC, the Sun; TD. Z, the Path 
of Venus of the ſolar Diſk. When therefore Venus juſt touches the Sun's Limb inter- 
nally, it will appear to an Eye at C, the Earth's Center, in the Line C V and the 
Place in Hot Orbit is at 8; but when ſhe touches the weſtern Eimb internally at E, 
then the Eye:at © views her by the Ray C Z, and in the Orbit at V. 80 that 8 W is. 
the Arch of, J A Motion deſcribed in'7> ;.20/ of Time, and is 110 Degrees, in the 


Equator = K L. „ bp SEK TY F 
| Fat B I D H be the Parallax of 22* : 307; and 4 h the Chord of the Arch a b; thro'e. * 
which the Eye is moved by the diurnal Rotation of the Earth, in 7: gf, from h toc, N 
which is 107% Draw through 8, the Ray I 8 u, alſo the Ray h V; then, will the An- 
gle wb Y (the Parallax of Venus from the Sun), ſhew her at a Diſtance from the Sun 
to an Eye at in Bengal, when ſhe is totally within the Diſk, viewed from the Center 
C. But when the Planet arrives at T, it is evident, the Ingreſs a compleat to | 
the Eye at b. Theęrefore it will MEH WER ſooner at h than at C, as is equal to the * 
Time ſpent in deſeribing the Arch S T. | 5 | 
Again, let cf d be the Parallel of 56, and let the Eye of the Spectator at Port Nel- 
ſon be at c, to view the entire Ingreſs by the Ray e RV; then it is evident the Planet 
at R wilkbe: there ſeen in the Sun ſooner than at the Center C, by the Time the Planet 
takes in deſcribing the Arch R 8. Note, c d is the Chord of the Arch e d of the Pa- 
rallel through which the Eye is carried in the Time of 5* : 2600 f; and is equal to 
I11* : 45 of diurnal Motion. ee e eee ee eee 
Therefore the Difference between the Moments of the entire Ingreſs as viewed at the 
Ganges (+) and at Port Nelſon under the oppoſite Meridian at (c) will be the Time in 
which Venus will paſs over the Arch R T. The whole Difference therefoxe of the two 
Durations will be double that Time, ſince the Parallax gives the ſame Difference of 
Time for the Egreſs as for the Ingreſs, which Difference therefore is 17: 50%. 
Since the middle Moment of the Tranſit-is nearly the ſame to àn Eye at the Earth's 
| Center C, and to a Spectator at I, it is evident, the Difference which is made in the 
Time of the firſt half Duration at thoſe Paints C and I, is ocaſioned by the Motion of N 
the Eye through the Arch 6 J, which is the very ſame as would happen if the Eye were 5 
carried in the right Line, or Chord a b, from ùᷣ to e. And therefore that Difference | 
will be as the Sine þ e of half the Arch b I a== 107, or the vine of 5 1 l. 
In like Manner it is ſhewn, that the Difference of -therhalf Duration of the Tranfit 
at C and c, is proportioned to the right Line cg, ur Sine of (half d) 55%: 30" at 
b leaſt. Therefore the whole Difference of the Semi-durations at. 1 —— Port Nel- 
4 ſon, will be as the Sum of thoſe Lines, or Sines, uit. usb gg. 
| If therefore in the Earth's Semi- diameter C A continued out, we take C Mee 
| and draw the Line M V, to cut the Orbit of Venus in Qz and join QC; then it is 
2 there will happen the ſame Difference in the Time of the Beginning of the 
Iranſit to an Eye placed at C, and another at M, as there will be to the two Spectators 
5 un im n S071 fi ore le 


4 
x. 


| [14] 
Luger by r Tip in Nelſon's Harbour than in the Eg 
Tidies 3 nor does it matter much whether the Obſervation be made 

at Fort St. George, commonly called Madras, or at Bencoalen on the 

weſtern Coaſt of the Ifland of Sumatra, near the Equator ; but if 
the French ſhould incline to make the Obſervation, Pondecherry on 

the weſtern Coaſt of the Gulf of Gangs, at the Elevation of 12* 

Will be a proper Place for the Purpoſe ; and for the Dutch, Batavia 

their famous Emporium, is a fit Place: And, indeed, the Dr. would 

have ſeveral Obſervations made of the fame Phænomenon in diffe- 
rent Parts, both for further Confirmation, and leſt a ſingle Obſerver 
mould happen to be diſappointed by the Intervention of Clouds 
from ſeeing what the Dr. does not know if thoſe either of the pre- 
fent' or following Age ſhall ever ſee again; and upon which the 
certain and adequate Solution of the nobleſt, and otherwiſe moſt 
difficult Problem depends; therefore the Dr. again and again recom- 
mends it to the Curious ſtrenuouſly to apply themſelves to this Ob- 
ſervation. Yap img be denke e pg re ee. 

XIII. By this Means the Sun's Parallax may be diſcovered to with- 

in its fiye hundredth Part, which doubtleſs will ſeem ſurpriſing to 
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at (5) and (c). 'Alfo that there will be the ſame parallatic Angle 8 C Qin each Caſe, 
ba. ee 49, WI pays x 4 K uy =: ; 
Then becauſe the Sun's Diameter AE = 31, the Angle Y C neat, mins $a 
nearly; Md therefore as the Arch 8 V, which meaſures that Angle in the Orbit of Venus 
is paſled over in 7 200 =440' 5 and an Arch=2QS in 17: 50%; if we fay as 
26400 : 1076” : : 297 30 = 17750" : 2“; the half of which is 36” z=S C Q, the 
Parallax of Venus from the Sun for the Baſe or Diftance CM. 
If the Earth's Semi-diameter A C == 10000, then the Sine of 5P : 30 =be = 
426 ; and the Sine of PLIC uma] 284509 4 whence their Sum is C M = 12055. 
e have alfo ſhewn (Note to Article IX) that the Diſtance of the Earth from the Sun 
CY.= one) and the Diſtance of Venus Q Y = 7206, 8; from whence the Diſtance 
of the from Venus will be found 2923,4==C Q. Therefore fay, as Q Y = 
. WW 3 =CYQ or C Y M, which is the 
de — for the Diſtance C M. And therefore alſo the Parallax of Venus 
— 5 . ah 18 N 2 8 i : pate 
But laftly, to adapt theſe: horizontal Parallaxes of the dun and Venut to the Earth ; 
we muſt ſay, as CM =12:AC= 10%: 507 3&7 : 467 34” = A QC, the hori- 
zontal. Parallax of Fenzs. And 12: 10: : 147 30%: 127” 5 = AY C, the hori- 
zontal Parallax of the Sun, on the Suppeſttion that the different Duration of the Tranfit 
in the Latitudes of n „„ 

And if the Obſervation be at Fort St. George, Bencoolen, Pondecherry, Batavia, 
or other Places near the Eguator, it is evident the Chord @ b will be greater, and the 
Difference of the Durations will till be longer, and therefore give the Sun's horizontal 
Parallax in Proportion more accurately. 

ſome ; 


J 
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ſome; yet notwithſtanding, if an accurate Obſervation be had in 
both Places. abovementioned, it has already been ſhewn, that the 
Duration of theſe Eclipſes of Venus differ from each other by 17 
entire Minutes, upon the Suppoſition that the Sun's Parallax is. 14 
Seconds and a Half; and if this Difference be found to be greater: 
or leſs by Obſervation, the Sur's Parallax will be greater or leſs al- 
molt in the ſame Ratio; and ſince 17 Minutes of Time anſwer to 
12 Seconds and a Half of the Sun's Parallax, for each Second of 
the Parallax there will ariſe a Difference of upwards of 80 Seconds 
.of Time; therefore if this Difference be had true within two Se- 
conds of Time, the Quantity of the Sun's Parallax will be had to 
within the fortieth Part of one Second; and confequently his Diſ- 
tance will be determined to within its five hundredth Part at leaſt, 
if the Parallax be not found. leſs than what the Dr. ſuppoſes it; 
for, 40 * 12 and is 50 “. 5 
XIV. Here the Dr. has had no Regard to the Planet's Latitude, 
both to avoid the Trouble of a more intricate Calculation, which 
would render the Concluſion leſs evident, as alſo on Account of 
the Motion of the Nodes of Venut not being hitherto. diſcovered, 
and which cannot be duly determined but by ſuch Conjunctions of 
the Planet with the Sun as this; for it was only on the Suppoſition 
that the Plane of Venut's Orbit is immoveable in the Sphere of the 
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It appears by the laſt Note, that if the Difference of the Duration of the Tranſit 
at the Eaſi Indies and Hudſon's Bay be 17“: 5&=1070”, then the Sun's horizontal. 
Parallax will be 127 at leaſt; therefore 1078: 12“: : 1“: rdf re of 127; or 
each Second of the Difference in Duration will correſpond to the 1070th Part of the 
whole Solar Parallax. Therefore the Diſtance of the Sun, which is proportional to 
= bob will, in this Caſe, be diſcovered to be within. at leaſt a 1000th. Part of 

1 . | | 

But if the Nodes of Yenus's Orbit have a retrograde Motion, and ſo occaſion her to 
pu over the Diſk with a much more ſouthern Latitude, according to the Doctor's own. 

ables, the Moru will be leſs, as alſo the Difference of the Tranſit's Duration at the 
above Places; but though it ſhould be found to be but one half the Quantity we have 
now ſuppoſed it, yet even then it will give the Sur's Parallax and Diſtance to within a 
5ooth Part of the Whole; which is more than. 100 Times the Accuracy our beſt Ob- 
| fervers could ever yet pretend to; for they have only diſcovered that the Sun's Parallax 


Is | but leſs than 12”, and fo leave us in doubt about a fourth Part of the 
Whole; which according to our preſent Reckoning, is not leſs than (20000000, or 


twenty Millions of Miles. And indeed if we make the beſt uſe poſſible of this moſt fa- 
vourable Opportunity, we muſt after all fit down with the diſagreeable Aſſurance, that 
we can never arrive to the Knowledge of the Sun's true Diſtance within 80 or 100 thou- 


„ 


„and Miles. © 


ted Stars, and that her Nodes would continue in the ſame Places 
W wherein they were in 1639, that it was concluded that Venus would 
paſs four Minutes below the Suns Cinter: And if in 1961 ſhe 
| hould paſs more ſoutherlym it will be evident that there is a Re- 
Wilt ED greſſion of the Nodes; but if more northerly, that there is a Pro- 
N greſſion of them; and that at the Rate of five Minutes and 4 in 
| en 100 Julian Years, for each Minute, by which the Path of Venus 

wi will at that Time be more or leſs diſtant from the Sur's Center than 
E the ſaid four Minutes; but the Difference between the Durations' 

1 of 8theſe Eclipſes will be ſomewhat leſs than 17 Minutes, by Rea- 
= fon of the ſouthern Latitude of Venus; but greater, if, by the Pro- 


I & greffion of the Nodes, the ſhall paſs over the Sun to the North of 
Bits Center n 155 | | 23 
ill: | e | ' : 8 7 | 1 


_ — * — 
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' + What the Latitude or Diſtance of Venus will be from the Center of the Sun at the 
true Conjunction cannot be known, till it be determined at what Rate the Nodes of 
Venus Orbit do move; which may be diſcovered at the Time of the Tranſit, 

dut hardly by any other Means. But in order to elucidate what the Doctor ſays 
in this Paſſage, we add the following Diagram : F; 1 


n - 


e 


| Let A BD be the fouthern Half the Sun's Diſk, C his Center, N D a Portion of 


ji the Ecliptic, E the Place of the Nada in 2650 E H the Path of Venus at that Time, 
0 


itt; and C G her. neareſt Diſtance from the Sun's Center; then it is plain, if the Node E 
| | be at Reſt, or continues ſtill in the ſame Place, then alſo E H will now be her Path, 
| the ſame as before; for the Angle C E O, which her viſible Path makes with the 


| B be the ſame, whether the Nodes move or not, as we ſhall ſhew 
N | ereafter. | | 
| | It will alſo be ſhewn, that the e CEO is 8“: 28, and ſince C O=//; there- 


fore in the right-angled Triangle C E O we have this Analogy, as Sine CEO = 
28';:CO=4:: Radius: CE = 27 = the Node from the Sun's Center. Then if 
| we take OK = OI, we ſhall have CK , andCI=7; and then it will 
= Dr CE: C N;; 27; 33,8; whence CN CE 
It 5, the Space through which the Node muſt apparently go forward, to cauſe Venus 
one Minute 4 4a wr in the Path K G, or leſs ſo in the Path P I F, for 
E= EP, as all her Paths are parallel. | 9 In 


\ 


10 
XV. But for the Sake of ſuch, as are not thoroughly W e 
with the Doctrine of Parallaxes, the r further explains the Mat- 
ter, both by a Figure, and a ſomewhat more accurate Calculation: 


Therefore, ſuppoſing that at Zondony May 25. .17* 55 1761, the 


Sun be in 15% 37' of Gemini, and conſequently,. that at his Center, 
the Ecliptic tends towards the North in an Angle of 670 190; and 
that the viſible Path of Venus within the Sms Disk does at that 
Time deſcend towards the South, forming an W 
tic of 8* 28“ the Path of Venus will tend a little towards 


"3; — —_ © 


South in reſpe& of the Equator, interſecting the Parallels pf Per 


dclination in an Angle of 2 18/: Suppoſing like wiſe, thatu/exughe 
near the Sun's Center at the ſaid Time, and diſtant therefrom vo 


> all 


The Doctor in his Tables places the aſcending Node in L: 135 * 377 : 44”, at the 
Beginning of the Year 1661; and in the Year 1761 the Place of the ſame Node 
is H: 14* : 200: 24%; the Motion therefore of the Node in 100 Julian Years will 
be 51“ 40. From the Year 1639 to 1761 are 122 Fears; therefore, 28 100: 
51 40% : 122: 63 Space thra which the Node moves forwards in 122 Vea z 

ut the Equingx in the fame Time recedes 997, therefore the apparent Motion of the 
Nodes will be retrograde at the Rate of 36” in 122 Years : ſince therefore Venus Diſ⸗ 
tance from the Node in our Calculation is 260; Fl (ſee Note * to Art. IX.) to wh 
a geocentric Latitude of 47 correſponds; if we add the above Motion of 30 to:26/ 3, the 


Sum is 62/ Þ by which the Node will be diſtant from the Planet; and therefore ſince 


20/ 36” : 4: 62: 9 + nearly; therefore if the Doctor's Tables are right, we expect 
the neareſt Approach of Venus to the Sun's Center to be about 9 # Mihutes, 2 
Here we cannot but obſerye how little was known, or ſaid, of the Motion of Vans 
Nodes about 40 years ago: It is certain che Doctor knew of no ſuch Motion when 
he wrote this Eſſay; and I never could find the leaſt Mention of any ſuch Thing in an 
Pieces he afterwards publiſhed. Sir Iſaac Newton poſitively denies ſuch a Motion, 


his learned Commentators the Aft and other Aſtronomers ſince, as Mr. De ia Caile, 


&c. Indeed a ſmall Motion of the Aphelia and Nodes will accidently ariſe from the 

8 Forces of the larger Planets; but this is too ſmall to be regarded in the 
heory of Mercury itſelf. CC 
Nay, Dr. Halley has himſelf attempted to prove there is no ſenſible Motion of the 

Nodes of the Planets; for he found that of Mercury to amount to no more than 397 50 

in 46 Years; and 38” : 20// of this was owing to the Receſſion of the * and there - 

fore the proper otion of the Nodes was only 1” : 30” in ſo long a 

or, 


ſays the we may ſafely aſſume the Plane of the Orb of Mercury to be immaveabls in 


only 1: 27 : 20” in 100 Years, which is the very ame with that of the Equinox. it- 


ime. There, 


the Sphere e the fixed Stars. | | e A 
And indeed the Motion of the Nodes of Mercury which is found in his Tables, is 


ſelf, The ſame Motion of the Node is alſo allowed to Jupiter; as alſo to the Node 


of 2 though miſprinted 1* : 3“: 20”. But for what Reaſon we have the Motion 


of Venus s Node 517: 40%, and the Motion of Saturn's Node 39 the Editors of thoſe 


Tables have not thought fit to acquaint us. I fear there is too wach Reaſon for their 


Exclamation — Utinam Auttor, dum viveret, illas edidiſſet. See further concerning the 
Mation of the Nodes, in a particular Diſcourle hexeatier, ,, _, 5; |, ; 
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| ſpherical Triangle, the Hypothenuſe = * 37's and the Angle at the 
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wards the South four Minutes, deſeribing by a retrograde Motion 


on the Sun's Diſk four Minutes an Hour; the Sun's Semi- diameter 
wil nearly be 15 51“, and that of Venus 37“ and +; and ſuppoſing, 


for Trial Sake, the Difference of the horizontal Parallaxes of Venus 
and the Sum to be 31“, ſuch as it is on the Suppoſition of the Suns 


Parallax being 12” and 4 ®. © n 
XVI. Therefore let a ſmall Circle, as A B D Fig. 3. be deſcribed 
from the Center C, whoſe Semi-diameter let be 31", repreſentin: 
the Earth's Diſk, and therein drawing Da & E and ede the Ellipſes 


of the Parallels of 22 and 56 Degrees N. Lat. in the ſame Manner 


as is now uſed by Aſtronomers for conſtructing Solar Eclipſes; let 


De be the Meridian wherein the Sun is, to which let be in- 
clined the Right Line F H, repreſenting the Path of Venus in an 


i 5 Angle 
. i * 


* n 
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n . 
Y 

ET IT * * 4 yy ——— — 
4 — — 


- ® We are now come to the moſt material and eſſential Part of the Doctor's Eſſay, 
wherein the Tranſit is more directly explained by Calculation, Projection, and Inſtru- 
mental Menſuration ; but with fo much Brevity, as to require ſome Degree of Illuſtra- 
tion for d y underſtandin 3 every Part. * 1 
The Suns Place being given in Gemini 15: 3, there is given in a 1 

cn 

30 =Obliquity of the Ecliptic, to find the Angle at the Perpendicular, which will Wis 
out 83* 50”, the Complement of which is 6%: 10, which Angle che Ecliptic makes with 
the Parallel of the Sun's Declination; and therefore is the Direction of the Ecliptic North- 


wards in that Point which the dun then poſſeſſes, 


It is farther ſaid, that the viſible Path of Venus makes an Angle with the Ecliptic of go 


28%. To illuſtrate this; let N C be the Ecliptic, N the Node, and N B the proper 
Ordit of Venus, whoſe Inclination is the Angle CNB = 5: 24. Then ſuppoſe the 


Earth and Venus were viewed from the Sun, and were at any Moment to ſet out toge- 
ther from the Node N, then in one Hour the Earth would appear to paſs over the Space 
of 27: 28” = 148” NE; and in the fame Time Venus will paſs over 4/ = 240” = 
NV. Through the Point V draw the Line E A, and that will be a Direction or ap- 
nt Path of Venus to an Eye on the Earth in the Ecliptic at E. But in the Triangle 

V, there are given the two Sides N E and N V, and the included Angle at N, to 


find the Angle at V, which therefore is known (by Inſtit. 739): Then the Angle 
oti 


VEC NA V by 632) = 8* 28'. And becauſe the mean ons of the Earth 
and Venus are conſtant, the Spaces deſcribed by them in the ſame Time, will be al- 
* in the ſame conſtant Ratio, and therefore the Angle A E C will be invariable. 

ince therefore the Ecliptic tends Northwards of eee, eee 6: 107%, and the Orbit 
of Feuus tends Southwards of the Ecliptic 8* : 28/; therefore Venus will tend Southwards 
in Regard to the Equator in the ſmall Angle of 2: 18”. As to the Motions, 'Semi-diame- 


ters, and horizontal Parallaxes of the Sun, Venus, and the Earth, they are taken from 


the Tables for any given Time. 
Note, If the Di of the Earth, and the Poſition of FYenus's Orbit were pro- 


jected on a Plane, as ſeen from the Sun, then the Axis of the Ecliptic and that of Yenus's 


. Orbit would both lie on the ſame Side of the Axis of the Meridian BCA; in this 


Caſe, there is no retrograde Motion of the Planet ; but ſince this retrograde Motion 


— 


| [ 29 I £ 
B00. 
whereof B C is 31, and from C let fall the Right Line C H perpen- 
dicular upon F G ; and 7188 the Planet in Hat 17" 55'-0r 18 
in the- Morning, let the Right Line FG H be divided into the Ho- 
rary Spaces III. IV, IV. V, V. VI, Sc. equal to C H, that is, four 
Minutes; let the Right Line K L be alſo equal to the Difference of 
the apparent Semi- diameters of the dum and Venus, or 15 19% and A 
and the Circle deſcribed with the Radius K L, and from any Point 
within the ſmall Circle, repreſenting the Earth's Diſk, as a Center, will 
meet the Right Line F G in the Point denoting what o Clock it ig 
at London, when Venus ſhall touch the-Sur's Eimb in an Angle of 
internal Contact in that Place of the Earth's Superficies that lies un- 
der the aſſumed Point on the Diſt; and if a Circle deſeribed from 
the Center C, and with the Radius K L, meet F G in the Points 
F and G, the Right Lines F H, H G will be = 144 which 
Venus will appear to paſs over in 3 403 therefore F will fall upon 
2 1 y at London, and G upon 9 35 in the Morning; whenee it is 
evident, that if the Barths Magnitude ſhould, hy Reaſon of the 
immenſe Diſtance, vaniſh as it were into a Point; or if, diveſted 
of its diurnal Motion, it ſhould always have the Sum vertical to the 
ſame Point C, the entire Mora of this Eclipſe would continue for 
ſeven Hours and à; but in the mean Time, whilſt” the Earth re- 
volves with a contrary Motion to that of Venus through 110 Degrees 
of Long. and conſequently the Duration of the ſaid Mora 1s ſhorter, 
ſuppoſe 12 Minutes, it will nearly be 7 8“, or e 25 


1 
: . N iii lllꝛxett —_ 
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Js 43.21 
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is the Thing to be ſhewn, it is very eaſy to ſee that the Orbit of Venus muſt have a con- 
trary Situation, and conſequently that the Axis muſt be on the contrary. Side of the 
Meridian, and therefore the Difference, and not the Sum, of the two Angles is to be 
taken for the Angle e C H, as the Doctor has preſcr ib. 8 
.* The-PRojEcT0N the Doctor here ſpeaks of, for conſtructing Solar Eclipfes, is 
the Orthographie One (whoſe Principles are explained in the IN SHT UT IOS of the 
GENERAL MAGAZINE,.as being a Part of the SciEN Of PERSPECTIVE}. 
The Eye in this Projection is ſuppoſed to be placed in the Sun's. Center, viewing the 
Motions of the Planets in their Orbits on a Perſpectiue Plane; and therefore the Di- 
ameters of the Planets muſt be drawn in ſuch Proportion as they appear on that Plane. | 

Let 8 be the Sur's Center (Fig./2.) C that of the Earth, and M the Center of Venus, f 
and ſuppoſe the R Plane to paſs through the Point M perpendicular to the yiſual | 
Ray S M. Let A E D F be the Earth, and A C its demi diameter, ſubtending to 
the Eye at 8, the Angle AS C= 12/74 = Sur's horizontal. Parallax. But it is evident 
the apparent I 577 of A C on the perſpective Plane at M will be HM. Parallel 


to H A (or S A) draw MB, then will the Angle BM C AS C, d AB=HM. 
hin e 75 5 5 2 en Laſtly, 


— —— —ů —⅜. — 1 


. NVII. Not in the Meridian itſelf Penn; will be near the Sur's 
5 Center at the Eaſtern Mouth of the Ganges, where the Elevation 
| of the Pole 3 is about 2275 therefore that Flace vill be equally c 
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take the Sun's = BM C, there will remain the horizantal Parallax of Vemus from 


Fun A MB = HAM. Now in ſuch ſmall Angles we have AC: AB; AMC. 
AMB; and conf y the Faris Semi diameter A C is diminiſhed on che 
ipective Plane in Ii M in M i de Rate of Forers Noriontdl Parallax AMC = $20 


| ** Parallax from the Sun = 4 1 — 12”, 4 == 31”, which therefore myſt be the Semi- 


Pie of the ſmall Circle repreſenting t the Earth's Diſk on the Plane at the Orbit of 
enus. 


Bat koun Eye at the Sur, Venus Semi- diameter G M gaben db n Angle G 8M 
l Mata , wenge g 19 17 gr g, SOS GM 
bur Semi- diameter of Auf 28 meaſured in - of a Degree on the ſame Plane ; 

ut the Doctor makes i it 3“ more, wok 


Therefore, if from the Suns Semi Laar e g we take that of Venur 49/1 3 
there will remain I sf 21160 4 for the Difference. Then from a. Scale of 'equal'Parts take 


- (160 177 CL, and on the Point C, as a Center, deferibe a Circle repre- 
Je 


7 the Sur 8 Ditk on, "the a "oy Part of which is here denot 
then take in the AC, and deſeribe on the fame Point 
Wc AEB for he: 5 the Furth. Again, take 913115. 'F 
a _—_— and deſcribe the Arch V % whole Di from the Sun 8 Limb will 


the Semi- diameter of Venus, 
888 the Ecliptic on the Sun's Diſk ; then becallts it makes an Angjc with the 
pres uns pe ugh the Sun in the middle Moment of the Tranſit 83": 5o'; 
Ang 


eLCH= 3:4: $0% Land BEG By or rather A ; will be that 
ORD, the Diſk of the Eartn. 


n, ſinee the viſible Path of Venus makes an . with the Ediptic of 8* : 28/ 
ut Complement is 815: 32”, therefore make the Angle L Ce= g: 32“ and Ce 
— 17 ae SY oh er Huus, on the Sun's Diſk. But fince her Latitude 


Is is 4/ = = 240”, therefore from the Scale take 240, and ſet: from C toe; and through 


the Point e draw a Line G e at Right Angles | to Ce, and that will be the vifible Path 
of Venus on the Solar Diſt. © 
The Angle e CH = 2* :-18/ being fo ſmall; the Doctor has neglected it in his Dia- 
, and ſuppoſed H C perpendicular to the Path of Venus; and fince (by Calculation) 
e Middle — Tranſit is at 5 : 55 in the Morning; and alſo, at that Time, the 
horary Motion of Venus is juſt 4 = H C ; therefore, if you take the Line C H, and 
4 Parallel-wiſe from 60 to 60 in the Line of Lines on the Sector; and then take 
. r and 5 5 on the fame Lines, and ſet one Foot of the Com 04 
3 11 ce other v l fal on the Point V, in the Line G H, in which Point the lan 
will be at 5 O'Clock for the Time at Lab. Having this Point pi n, take in ths 
Compaſſes Line CH, and Place one Foot in V, other will mark TV on one 
Side, and VI on the other; and in this Manner the other Hours II and H are" foiind: 3 
and thus the Line G H is divided into Hours, and then each Hour may be ſub-divided 
Into Minutes, as you fee in the Figure. 
The Line G H will cut the Curve V in F, whereon, if A Circle be deſcribed with 
the Radius = 1L 237 1 pi = 1 the Diſk of Venus juſt entered ores 


2 


rom mne gan on doch lande in the daes db pute 


and Egreſd vie. 5 3˙ and 4, as che Poltits/&5'in\ dhe gfeter 
icli D * but che Diameter A B, Will be ee che — 28 
the Square of the Radius to the Recta 3 af 53 


and 4 and 68; that is, a8 1% 186 4 13½ and upon making 

due Calculation, the Docter finds that his Cacde Motos 

the Radius K L from tlie Center a Will mect"the Right Litie FH. 
im the Point M. at 2 20 4b! ; butdeſtiibe@ from og pas mga 

will meet HG in Nat IP 29% % ag Lundbm; bonſequently' the 

whole Body of Venus will be ſeen fone! — the" 20 

within tlie Su Diſt for y 8 42; thetefors we habe“ rightly f 


poſed its Duration the 9, ſince brere & Put of a Minute is noonidlees' 
able“. a Ag 14 ©5013}. 33301 11% _ j 1 | DR A. 221 m7 " x XIE! 


and r luck as K pen, in dt Cale Höh de 
of the Barth: at C; for the Eine C'F = C1. 7 An whe in the /Right-angled Tri: 
angle C F H, there is given the Side C H = = 240, and CF. 988) £50 Wh: . 
haye F H = N H- > = 880; a lay, as 2409 * : 880”: 3 40 
which deducted from 5 : 55, will leave 2 : 1 5 for the Time of the Morning when 
Venus will be juſt within the ſolar Diſk ; but added thereto, it makes 9: 35 the 
Time when the Egreſs begins, and conſequently the whole Duration of the Tranſit to 
an Eye at the Center C, or at Reſt on the Middle of the 'EartlWs' enlightened" Diff» 
would be juſt 7 Hours and 20 Minutes, in by Time 110 Degrees of Longitude 
will paſs the Meridian. 

* gut, as we have ſhewyn, the Surface: of, tho Earth being in Motjon;)andin ſome 
Parts that Motion conſpires with, and in others it is contrary! to that of Venus; it fol- 
lows, that in the latter Caſe there will be ſome Places, as () (and (4 be where the Tranſit 
oy be- er a r . a8 00 _—_ (9) where:it will longer than at the 

enter 

Suppoſe the con Modn from (a 0 in the Parallel: of 24% 26% hin 
Mora be dy the 12 Mi inutes, or 2922 To 107, then will the Arch a 5 
==107 Degrees, and conſequently a C =='53%: 30 in that Parallel. Now in order to 
determine the Time of the ning at the Point (a) we muſt iluſtrate-the TOI 
of Calculation and Proj econ by kr r Figure of the Earth's Diſks: 

Therefore from a Jay ger Scale 8 take in your Comp 31, * a 
Point C deſeribe the —— 5 Gn 4.) and ꝓroject the. Elliptic Meridian and 
Parallel for the Sk Point (a), whoſe 2 on the gen is then determined by Cal- 
culation in the following Manner. Since the Arch D G 22: 309, its Complement | 
DB = 65; 77 Then ere Radius: Sine — "x Da: 34 1158 
—D'O=CH. A gain, R: DB:: 31: 28,4 H Then becauſè C G2 
HD:: R: DB; HD. Me: ne s$Ca=s e therefore by Campo 
tion of Ratios, we have CG: Me:: N 5B Datta: - whence Ma==2 

The Arch a D 36* 307, therefore R. Da: HC: KHM: 17,82 
55. Whence C H — H M ='47 MCD aN. Having therefore Ml a, and 4 N, 
the Point (a) is given in Poſition on the Diſk. 

Therefore (in Fig. 3.) fröm (a) let fall the Perpendicular a g, then will it be 240 — 
W Alſo Hg = min 3 then ſay, as 240: 60: 


— — — — — 1 
r — 2 hot Tus = — —— po: — — _ 


22] 
XVIII. But adapting the Calculation to Nelſon s Harbour, the 
l e Fe fl paſt under the gent Ditk ve he is 
juſt about to ſet, and emerge out of his Diſk. immedia y after his 
riſing; that Place, in the mean Lime, being carried: | ned the 
Hetniſphere. oppoſite" to the Syn from g to d, with a Motion con- 
ſpiting with that of Yenus;; therefore the Mora of Venus within the 
Suns Diſk will beeeme longer 725 of the ParaUnx; ſuppoſe by 
four Minutes, ſo as intirely to 4 24 ore of the Equator; 
and ſince the Latitude of the Place is 50 Degtees, it will be as o_ 
Square of the Radius to the Rectangle under de Sines of 8 
and 34˙, 10.15 AB SDI tee D 33", and upon d 
ing the Calculation, it will, appear, a, - Circle Jegribed 8 
che Center c, with the Radius K L, will meet the Right Line FH 
in O at ee eee e from the Center d, it will meet 
H G in P at IX 3637“; wherefore the Duration of the Mora at 
Nelſon's Harbour "wil . 723, 52% to wit; r. him at che 
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boats: l 
The Point 60 dank 85 on the Diſt; mke the Diſtance e: I * your * 
— — and ſetting one 1 in (c) deſoribè the Arch W Z, which will: cut the Path of 


under (a) to be at 2: 20' {48% This alſo appears from nometrical Calculation; 
for the Triangle 2 Mg is nearly the ſame as CF tjand therefore, ꝙ M HF; 
whence Hp = FM =— : 48”, which added to the Time at F = 2h: thr Time es by 2 
200: 48% the Time at Hence twice 57: 38% or 1/: 30% will be e Ti 

which the Tranſit will be ſhortened/at the Parallel of 225 30'. 

Again (in Fig. 4.) let 4 be in the Parallel of 56 and — Motion of the 2 
there conſpirin witty lat of Venus, the Tranſit will be thereby prolonged, which ſup- 
pu to be 4 Minutes. Therefore to the whole Duration 70 24“ there will anfwer 111* 

of the Equator, or in the Arch of the Parallel between 8 45 and (d), the Half of which 
is 5 th 30's alſo the Co-Latitude is 34% Then proceeding as above, we have R : s 


300: {rg or 279. 6 And as R 56: : CFC: aw 25,7 = 


gens 17,5: 14,3 D m. And beca of the Cir- 
cles E C D and 2 be ing "parallel, - we bb Do ger HOC: 6 = 7,1. And 
_ eee Kees J peng gu. Pu: \ ran whence 
1. — — the Porn (c) (Fig. 3) we let fall the Perpendicular (c 2 ) then FH 
== m) = = 1432, and then 240: 67 37 33% which taken from 5 55 wi 
75 51” 27”, the Time of the Mornitlg —— enus will be at (7). Then als the 
2 C nth the Soup T7 and ſetting one e Tin in (e) a Fo the Circle T X, — 
will cut Venuss Path in at a 13˙2 3 the ine when * n c) ju 
Within the ſolar Diſk, 1 ah Os 
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enus in M, and thereby ſnew the Time:of the entire * as ſeen from the Place 
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XIX. But if Venue ſhould paſs without Latitude, the ſaid Dif- 


ference will become 18 40“; but if ſhe ſhall be four Minutes more 


northetly than the Suns Center, the Difference will be increaſed to 
21 40%, and will be ſtill greater by increaſing the Planets N. Lat. 
From the above Hypotheſis it follows, that at London Venus ſhall 


riſe entering into the Sun, and at u 37 in the Moruing, in her 


Egreſs, touch internally the Suns Limb, and quite leave his Diſk 
DD 057 men he OS Rn ig glotg tl Los aoigal 
XX. It is evident from the fame Hypotheſis, that Venut ſhould 
touch with her Center the extreme Northern Limb of the Sun on 
May 23, 11 1769; ſo that, by Reaſon of the Parallax, her whole 
Body may be ſeen, in the Northern Parts of Norway: within the 
Sun's Dill ; whilſt on the Coaſt of Peru and Chili, ſhe ſhall ſeem 
to ride on the Diſk of the ſetting Sun, with a ſmall Segment of 


_ * — 


* 5 — — 
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Or thus by Calculation; in the Right angled Triangle c O there is given the Per- 
pendicular f 2 CH-+ Cn(Fig.4.) = 269,7, and the Hypothenuſe c O = 913, 5 5 
therefore the Baſe OF O = f* = 87235. Then ſay, as 240: 600: 872, 

: 2180 = 3 387/; which taken from 5h 517 27“ leaves 2 1 1 27% the Time at (e 
as before. 4 - r th 1 

Wherefore the Time of the intire Ingreſs at (c) Port Nelſon will precede the ſame at 
(a) Bengal by about 7“ 21” ; and therefore the whole Duration will be near 15”: longer 
in the former:Phce than in tlieateer, 7 nr CH note CN os rene I 

+ But if the Node ſhould be in the Suns Center C (or the Tranſit be central), and 
the Path of Venus be NC; then it is evident that fg = PR (Fig. 3.) Ma en 
8 ig. +) = 255 + 14,3= 37,4; becauſe in this Caſe, the Diſtance of (a) from the 

ine C nearly vaniſhes, and that of (c) is inconſiderable. Therefore ſay, as 240: 


6 3: 35755 = 9 21”; the Difference of Time in the Beginning of the Tranſit 
ſelſon 


at Bengal, and s Harbour, the Double of which, viz. 18” 42/7 will be nearly the 

Difference of the whole Durations in this Caſe. . ene Yo 
If Venus ſhould paſs with 4 Minutes of North Latitude, then, by adapting the Tri- 
gonometrical Calculus, as before for 47 South Latitude, the Difference of the Mora in 
thoſe Places will be found 217 40%. And, indeed, as ſhe goes more Northerly, the 
Difference will encreaſe as you may plainly ſee in the Diagram, the Diſtance P R is 
greater than O M, and T W is greater than PR, becauſe the Arch TX does ſenſibly 

recede from the Arch V Y as it goes Northwards; making the Difference O F, P 
T V to encreaſe to a certain Limit, while the other Parts FM, QR, VW, vary but 
little on all this Part of the Diſk. | 
Since on that Day at London the Sun riſes but a few Minutes before IV, therefore 
ſhe will be . upon the Sun's Diſk at his Riſing to the Place in her Path where 
"= ſee her repreſented in the Scheme. So that near two Hours of the Tranſit will be 

OIT to us. | To v5 Mp / | | 

As the Diameter of Venus is 7%, if we ſay as 240: 607: : 75: 18/, 76 = 180 4% 
that will be the Time which pale between — — and i A Con with the 
Sun, or fo long as ſhe will be tranſiting the Sun's Limb. h | 
6 | er 


Her Body 


P , ly * ce 
l 7 NN 24 $14 2 1 * 1 


* Then A wo oe 3 „ — * 
— ets — n — —  —_—_—_— — P a 
* wt EY * * 1 q * > 1 b * _— 
— — 2 i 5 2 — — 


— 


| 55 [ 24] ; | 
3 as in ass the Molucaa Iflands, and 


neigh- 
bouring Parts, at Sen ming But if the Nodes of Venut be found 
to have a Retroceſſion (as there is Reaſon to ſuſpect from ſome 


later Obſervations) then her whole Body being every-here ſeen 


within the duns Diſk, the greateſt Difference of theſe wege will 


afford a ſtill more evident Proof of the Sun's Parallax . 


XXI. How, from Obſervations made in the Eaſt ae an the 


Ingreſs and Egreſs of Venus, co 2 with thoſe which are made 
t 


in e on her Exit from the Solar Diſk, the ſame Parallax 
y be os to wit, by eng the ws of 4 Triangle given 
in 


— — — — 1 
8 7 Tx # * * — * 45 — * 18 
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eleven o'C ight, and therefore inviſible to us. Upon the rp is that the 
Nodes are at reft, the Center of Venus will nearly toueh the Northern Part of the Sun's 
Limb, What the Latitude of Venus will in that Caſe be 15 : 43”, and the Sun's 


Semi-diameter is then about 15 50%. (See the Table in Nous l Art, IX.) | 
But, by an apparent retrograde Motion of the Nodes, the Planet will paſs with leſs 


Tae and if that Motion be ſuch as reſults from ſome modern Obſervations, the 


Tranſit will be very conſiderable, and of much greater Uſe in determining the Paral- 
' lax of the Sun than that of next 


CassIN1, in his Elements of At Aſtrenomy, has collected the following Obſervations 


eee enen 


From an Obſervation of Timocharis, 271 Years. before Chriſt, of Venus eclipling the 
Star n in the Southern Wing of Virgo, it is computed. that the Node of Fenus was at 
that time in 8: 24%: 2. 

1 By the 8 of Horrox, in 1639, the Place of the Node-was found to be in 
55 287 22 

| an Obſervation made in 2 it was found by Calculation, that the Place of the 
2 was found in II 14%: 17: 45%. 

By By rage Obſervation in the Year 1705, the Place of the Node was found in II 
24%: 2 

In the Year 1710, the Node was found in II: 14* og. a 52%. 

And in the Vear 1731, the Place of the Node was in II: 14%: 177: 02% 

From theſe Obſervations you will eaſily find that the Motion of the Node is at a 
Mean, 34 per Amum. But Dr. Halleys Tables make it 1 early. 


so it is evident, that 1731 + 271 = 2002, or from ime of Timacharis, to 


che Year 1731, there are 2002 Years, in which Time the eee Motion of the 


Equinox, or Node of the Earth, is 27 487: 20%; it is plain, if the Nodes of Venus 


_ fixed, they would have appeared to have moved ſo much forwarder in the Ecliptic ; 
wha fe have appeared to go forwards only 20% 15" : 27/3 therefore the Difference 7 
is the true retrograde Motion of the aſcending Node in that Time. 
. it muſt be obſerved, that ſince the Orbit of Venus li within that of the 
Furth, the real retrograde Motion of the aſcending Node will produce an apparent direct 


Motion of drei Node, which is the Realon why te Mouon of this Node is 


as 4 -. contrary 
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This 225 relates cilia Tranſit of — in the Vear 17 on Fins xd, at 
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in Specie in the Circumferences of th three equal Cireles, I ſhall take an- 
drher Opportunity to he. 
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8 Venus in all the Di agrams we have hitherto made uſe of, as alſo in 
yt 6's tr len moſt important 
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the Diſtance o Nade from e ** A 2 
But if the Nodes have a retrograde Motion, and equal to that ir in the r ables, 


then ſince from the laſt Tranſit in ur g ay 08 fp 120 Years, this Node 
in that 


will to have gone re 8 
i =F C, and F will be the Place of 8 
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T. is impo bis for any one. to. 1 Nitite of the 
Tranſit 5 Venus, and the Com 3 and Calculations re- 
faire thereto, without being previou y acquainted with the Aſtrono- 
mical Principles of this Planet's Macs Which, therefore, T Hall 
here briefly explain. Let V ww repreſent. the, San or 
Path of the Earth about the Son, S (ſee Figure 1. Plate III.), in 
Which let the Barz be at T. an ſuppoſe chie Diſtance T 8 divided 
1 100,000 equal Parts; then b by the known Laws of Motion, the 
Squares of the periodical Times in any two Planets ate always pro- 
rtioned to the Cubes of their mean Diſtances; and ſince the Times 
in which the Earth and Venus revolve about the Sur are known, 
and the Earth's Diſtance T S is equal to 100,000, therefore the 
Diſtance of Yenus will be found, by the above Analogy, 72,333 of 
the ſame Parts, and conſequently if from a Scale of equal Parts we 
take that Number, and on the Center 8 deſcribe the dotted Circle 
BaCy. Then that would be a proper Repreſentation of the Or- 
bit of Venus, iß that Planet moved in the Plane of the Ecliptic, and 
in a mma Orbit. 2 
4 7 ut 


W WEB 2x 
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1271 . 
But as her Orbit is inclined- to the Plane of the Ecliptic in an 


Angle of? 24 nearly, one Part thereof will lie above the Plans 
of the Ecliptic, as & E G 93 and the other below, as & H 3 
and the common Interſection, or Line 8 8 , is called the Line of 
Nodes, and the Point & is called the | aſcending Node, and the 
other Point d the 49 


—_— becauſe at the former ſhe aſcends 


above the Plane of the E „and in che latter ſhe deſcends be- 


low it. The Place of the ending Node & is in 145 30 of Gemini 


in the nt Age, and as here re — aþ the Figure. 


As dhe Otbitiof the Planet is ſituated within that of the Earth, 
the will be. een twice in Conjunction with the Sun, viz. in the 
Points R, Q, which are in a right Line drawn from the Earth to the 


Sun; that at R is called the 5 Canjunction, and. that at Qike 


2 1 1 515 5 | Ick; ar: $6 ; 1 
poſing her — ns QCRB, and *, ſame 
Pass of the; Ecliptic-z then if two right Lines were drawn from 


the Earth at T, to touch the Orbit of Venus in the Points I, K, 
would determine the Angle of greateſt Diſtance that this Planet 


could ever appear from the dun. Thus as ſhe deſcends. from her 
ſuperior Conjunction R. ſhe will appear to go further from the Sun 
continually, till ſhe arrives to the Point I, and there ſhe:will appear 


at the greateſt Diſtance from the Sun at 8; afterwards, as ſhe advances 


to her inferior Conjunction Q, the Diſtance from the Sun 


gradually decreaſes. From Qher apparent Diſtance from the Sum 


again increaſes till ſne erer den e AOATELE 
advances by C towards R. 

This Angle I T'S of her greateſt apparent Diſtance; 8 called the 
Angle of her greateſt Elongation from the Sun: And becauſe the 
Triangle 8 1 F is Kin ght at I, and the two Sides Sr T and 8 L 
are known, from thence we find the Angle 8 T1 of about 48 
which therefore is che eon Diſtance ſhe pep ver be een, 
from the Stn.” 794 $1 L. „ 

It is farther evident, har to © Spe at the: Bb, Uhr Plinct 
Venus, all the while ſhe is moving through the Part of her Orbit 


K CRB, will appear to be direct in Motion, or to mode accord - 


7 to the Order of the Si gns from Weſt to Eaſt. But at the Point 

e Direction of her Motion is changed; and during her Paſſage 
— I. by Qto K, her Motion will be contrary to the Order of 
the Signs, or from Eaſt to Weſt; wan, he is, Ait len. | 
Time, ſaid to be retrograde. Nino SHY - 16 
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Hence alſol it appears, that: anch. che large Part of her Orbit 
X RI, —_— Part TQ Ru both ſeen or defctibed under 
the ſans Angle IT K; therefore her Motibn in the former Caſo 
muſt be vety low in Compariſon of the lattur ; and as at the Pbints 
PK, her Direction is for a little Time before and after, ſenſibly in the 
right Lines I F, T K, and eonſequently ſhe muſt be ſec in the ſamo 
Part of the Heavens 3 thoſe. times, therefore the is then _ 
to be arina . 5 1 Nt 25 a bo ins Int: to Dal 4 r n 01 

Were the Barth at — arg Space of * — between two 
Comjunctiens of the ſame Kind, would be equal to the periodical 
Time of the Planet, which is nearly 225 Days ; but ſince both the 
Firth and Venus move — | — 
the two Conjunctions will be very much en d beyond rio- 
dical Time 5 For if the Can) 3 „then — "now 
muſt perſotm one Revolution, and ſo much of another as is equal 
to the Motion of the Earrb between the Times of the two Conjunc- 
tions. Let the Earth s Motion in that Time be called A, then it will 
be * as 87600: 339 36 R: A; and by Divifion-of Propor- 
tion e $392" (3374) 5392 360 A. And therefore 


A 3 = = 57 5 Degrees neatly”; ; "which angular Motion the 


& a þ — 


| Barth makes in one Year, leren Months, three Weeks and. one Dey 


which's is the Time ſought between the two ConjunGtions,. _ 0 
-» The Particulars we have how mentioned ate upon the $ 
that the: Orbit of Venus is in the Plane of the Echptic ;. — 2 
very little Difference if we conſider her Orbit As r r in 
the ſmall Angle above - mentioned. 2 11 
We have likewiſe hitherto ſpoken of her Orbit as To. —— but 
11 4 f in reality Elliptical; in one of whoſe. Focus's the Sun is placed. 
©» The longer Axis of her Ellipſis cutting the Ecliptic in about the 
72 — edvLen.onh) 4 in dhe Figure is ſbewm by che 
ine M V, and upon her Plane As is her greateſt, and F her leaſt 
Diſtinceifrom-the Sun; and therefore the Point A. is called the 


Apbelian, and E the Peribelian; and the greateſt N 8A is to 
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mt þ heath Bebe cb the above Analogy is derived; you'thay foe 
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Let P be the Place of a Planet in its Orbit. . au Ver. 
pendicFular P Kite the Plane of the Ecliptic;' then is Ly; thePhcoof 
the Planet, reduce 10 tb Eck 2 Draw 8 P and 8 L. and they 
will contain an Angle PS L, whichiis- called the ' bektocent#ic:Laztas 
tude; of the Planer; -bocauſe the. real Latitude: PL of the Planet 
from the Ecliptie, i meaſured as ſeen fromthe Sun. Doan 


the Line T P and T L, and will contain an Angle P FL, un-. 
der which che Batitutie of the Planet PL is ſeen rum 
and 


aber Raith, 
fore this Angle is called the geocenrric Latitude. andb theſe 
two Angles are: inverſely as their Diſtances from the Planet that 
is, the heliocentric Latitude PS L is to the Latitude 
NT., 8 Diſtance of tha 
gun 8 P om the Planet bog and 16 Erich $41 103 bia 
The Diſtance of the Planet P from the Node, or the Arch P 
is called the Argue of Latitude." 8 T'D the greateſt La- 
titude; that will meaſure the Inclination of the Planet's Orbit: toithe 
Ecliptic, as it will differ not ſrom the Arch of which it is 
the Sine; therefore we ſhall have the fo Analogy; as Radius 
to the Sine of the Planet's Diſtance from the Node, ſo is the- Inclis 
nation of the Orbit to the Latitude PL of the Planet at P; which 
Latitude ſeen from the Earth, will always be of a different Quan- 
_ according to the different Diſtances of the Earth * _ 
anet. 
The Diſtances of the Planet from the Sun 2 the Earth in the 
_ tic, vis. 8 L and T L, are called the curtate Diſtances; and 
e Triangle T 8 L, in the Plane of the Ecliptic, the Angle 
T S L is called the heliocentric Longitude of the Planet from the 
Earth ; as being the Difference between the Place of the Earth, and 
that of the Planet(reduced to-the-Beliptie); ſeen from cho. Sn. The 
Angle L T 8 is the geocentric Longitude (but more commonly called 
the Elongation of the Planet from the Sun), which is the Difference 
between the Place of the Sun and of the Planet in the Ecliptic, as 
ſeen from the Earth. Laſtly, The Angle 8 LIT is called the Pa- 
rallax of the annual Orbit, as being ſubtended by the Semi- diame- 
ter 8 P of the Earth's Orbit. Note, The Angle T 8 L is common- 
ly called the Angle of Commutation. 
Not only the Orbit of the Planet Venus, but thoſe of a the 
ather Plancts, are Elliptical, and particularly that of the Earth; 
and therefore the Diſtances of the Earth from the Sun will _ 


135 

be unequal; the greateſt Diſtance will be 10169, and the leaſt 985 1, 

abe mean Diſtance being 10,000,: as we E, before. £ N 
1 1 The Lo ngitude, or P 2 or Planet, is its Diſtance 

in che Bcliptic tic from the Beginning ar! firſt Point of Aries; and 
what's is called the mean Anomaly, is the Diſtance from the Aphe - 
lion Point, as from the Point A in 1 Kant. and is eſti- 

mated in Signs and Degrees of 'the-Ecliptic. ' 7 1 0 Oo 
From what has been faid, it-will-be eaſy. torundertiind thi-Pro> | 

| ceſs of Calculation by Aſtronomical Tables; in which we find the 
ö Longitude, the mean Anomaly, the Place of the Aphelion and 
Node, the Equation of the Orbit; the curtate Diſtances, the Argu- 

ment cf Latitude and Reduction to the Ecliptic, all ready calcu- 

lated for the Earth or Sun, and all the other Planets; ſo that by 

this Means we are enabled, at any Time, to find the geocentric 

Place, Latitude, and Diſtance of the Planets, as Occaſion ſhall re- 
quire; an Example of which Method of Calculation you will ſee 

in Page 9. of Dr. 'Halley's. Diſſertation, and it is the ſame with re- 
— any ee e as weite as the. e there, made. 
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Mortox + and PLACE - in the ECLIPTIC. : 
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the two Hinges. on which the whole Doctrine of the 
t turns, they cannot be too well aſcertained and under- 
ſtood; and therefore” we may a little wonder, conſidering what 
a Number of Obſervatories have been ere&ed in the different 
Parts of Europe for a Century, paſt, that our Obſervations on the. 
Place and Latitude of Venus are ** few, and made by ſo ſmall 
a Number of Perſons. I, for my own Part, have ſeen little on this 
Head, beſides what. is contained in Caſfni s Aſtronomy, either in 
re gard to the Place or — 82 of the 8 OS. 5 
Tt is evident from the foregoi ate i I), 
That if an Obſervation be mad oe A Place and ae 
as ſeen from the Sun, and this be done on each Side of the Node 
Q, before and after its Paſſage through it, that then the Place of 
the Node & may be eaſily determined by Calculation; and theſe 
Obſervations beth repeated at diſtant Times, will give the Motion 
of the Node =O its Direction. It may be proper to 70 illuſtrate this 
195 an Example, which 1 ſhalt 2 Kom the eee Aue 
8 2 
On che ad of Seprenber, at I5, Minutes after Two (N. 85) the 
true Place of Yenus was obſerved in = 16* 30 50 with North La- 
titüde 5“ 41”, Afterwards, on the 6th Day of the ſame Month, 
her Place was obſeryed at 180 after Two to be No ia"21* 18' 20% with 
South Latitude 7 13; then havin computed” for theſe Obſerva- 
tions the true Places or Venus ſeen * from the Sun, it will be found 
how her Place for the Firſt was in „ 11“ I 2", and the Second % 
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17* 400 23”, and then the Place of the Node is found by the fol- 
ing y as the Sum of the Two Latitudes 12-5“ is to 
the Latitude of the firſt Obſervation 5 41”, ſo is the Motion of 


Venus between the two Obſervations (which was 6* 21' 21”) to 2* 487; 
which being added to the Plate of Venus in the firſt Obſervation, 
gives the Place of the Node in » FA 7', which is the deſcending 
Node, becauſe herLatitude at the fi Obſcrvation-was North, and 
at dhe ſecond South, ' e a ie ea Tog 
Again, on the 7th of September, at 19 Minutes paſt Two, her 
geocentric Place was found to be in & 22* 27' 30” with 111 31”, 
and by Computation her heliocentric Place, for the fame Time was 
in „ 10 15! 96" now vomparing this with the fifſt Obſervation on 
the ad of the ſame Month, we have the following Analogy ; as the 
Sum of the two Latitudes-17' 12/ is to the firſt Latitude 55 41/, ſo is 
4 56 28” (the Motion of Venus in the Interval) to 2* 37' 300. Theſe 
being added to Fenut 's true Place in the firſt Obſervation, give the 
Place of her Node in + 13*..56' 30”, which is 10' 30” more than 
was. found. by the preceding; Analogy ; and therefore taking the 
Mean, we ſball have the Place of the deſcending Node, on the 
4th-of September. 1698, in „14 1' 4.5". % e e 


After wards other Obſervations were made in the Year 1731, on 
the 7th. and on the 14th Day of April, and from thoſe Obſervatians 
the Place of the ſame Node wWas determined, in the Manner above 
ſpecified, to be in 14. 17 2% more advanced by 15“ 17” than on 
Ach of September 1698, which is at the rate of 20 per Annum for 
ä as rn, DTD OW Bot 
By other Obſervations made by the Moderns, by Horrox at the laſt 
Tranfit, and by Timoabaris 271 Years before the Chriſtian Ara, 
our Author has made ſuch Calculations as determine the annual 
Motion of Venus Node to be at a Mean 34", per Annum. 


. 1 . - 4 


_., When ſuch Obſervations and Calculations were fo eaſy, and already 
furniſhed to their Hands, one may very well wonder that ſome of 
our greateſt Aſtronomers ſhould be altogether ſilent about the Mo- 
tion of the venereal Nodes. Indeed, in the Aſtronomical Tables of 
PToLEMY and KWG ALPHONsSUs, there is no Mention made of 
the Nodes of Venus, or their Motion: But in Tables that were pub- 
liſhed more than 100 Years ago, viz. by Feremiab Shakerley, in 1653, 
intituled, Tabuke Britannice, we find the Place of Yenus's Node is 
conſidered and allowed for, at the Rate of 50 16“ in 100 Years, 


. x 


which is at the Rate of 30“ per Annum. 


The 


\ 


W394; | 
The RuUunoLPHINE Tables, compiled from the Obſervations 
of Hobo, Kepler, and others, do alſo allow for the. Motion of 
Venus's Node 78“ 10“ per Century, which is at the Rate of 47 per 
Annum. Theſe were compiled and publiſhed by Jobn Baptiſia Mo- 
rinus, Regius Profeſſor of Mathematics at Paris, in the Year 1651; 
concerning which the Author aſſures us, that the Places of the 
- Planets, as found by his Tables, differ not a Minute from their 
Places found by the Tables and Methods deduced from Kepler's 
Obſervations. _ 5 1 SR . | 
In the Year 1661, thoſe called the CaroLing Tables were 
publiſhed by Mr. Thomas Street; but in them we find no Mention of 
Venus Nodes, or their Motion, although he relates many. Obſerva- 
tions that were made of this Planet by Tycho, Mæſtblinus, Kepler, 
N.... EC WO One EN 
In the Year 1702, Mr. De la Hire, Regius Profeſſor of the Ma- 
thematics at Paris, publiſhed his Aſtronomical Tables at the Command 
of Lewis the Great, in which he allows a Place to the Node of Ve- 
nus, and a Motion of 1* 1648“ per Century, which is 46“ per Au- 
num ; but a very little differing from the Rudolphine Tables. 
| Soon after this another Collection of Tables was. publiſhed by 
Mr. Whifton, faid to be thoſe of Mr. Flamſtead, Dr. Halley, Mr. 
Caſſini, and Mr. Street; in this Collection there is no Mention 
made of the Nodes of Venus, or any Motion confidered; nor is 
there for any other of the Planets. What . thoſe Tables were 
which he calls Mr. Flamſtend's or Mr. Caffim's, I know not: But 
as for thoſe publiſhed under Dr. Halley's Name, and by. Caſſini the 
younger, they allow for the Nodes of Venus, and for the Nodes of 
the reſt of the Planets. Ee. +368 
In Dr. HarLev's Tables, which were printed in the Year 
1719, the Motion of Yenuss Node is ſtated at 51 40" in 100 Years, 
which is at the Rate of 31“ per Annum. e 
Laſtly, The Table publiſhed by Caſſini the Son, in the Year 
' 1740, contains, perhaps, the trueſt Account of the Motions of 
the Planet's Nodes in general, and that of Venus in particular; it 
makes that to be 57 40” in 100 Years, which is at the Rate of 34 
fer Annum, and therefore, if the Tranſit of Venus be calculated 
by thoſe Tables of Mr. Caffinz, the Phaſes and Times thereof will 
be different ſrom thoſe which are calculated by Dr. Halleys Tables, 
and probaby nearer the Truth. bag, 08h £77. 
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DocrRINE of PARALLAXES 
. MORE FULLY . 
C A NED. 
XS we purpoſe to ſhew and explain the Method of determining 
| the various Phenomena of the Tranſit by means of Parallaxes, 
as the moſt natural and truly aſtronomical of any, it will be pre- 
viouſly neceſſary to give the Reader as diſtin an Idea of this im- 
portant Point as we poſhbly can. 3 1 
We have already ſhewn, that by the Word Parallax nothing more 
is meant than the Difference of Place in which any Object is ſeen 
from two different Points of View. Thus if the Planet (Fig: 2.) 
be viewed from the Center of the Earth at T, its apparent Place wilt 
be at C,in a Plane F G placed indefinitely beyondit in the Heavens. 
But if the fame Planet be viewed from the Surface of the Earth at 
E,its apparent Place will be at D; and this Difference, C D, of ap- 
parent Places, is called the PAR ALLAx of that Object in the Heavens. 
Let K LM repreſent the Sun, and let the Viſual Rays T C, ED,, 
in their Way to the Plane F G, croſs a Diameter of the Sun in the 
Points H I; then will the Diſtance H I be the Difference of the 
apparent Places of the Planet on the Face of the Sun. If the Spec- 
tator's Eye be placed at the Point (e), the Planet will appear 
on the Plane F G at the Point (c), and the Difference of the appa- 
rent Places of the Planet ſeen from the Center of the Earth T, 
and by a Spectator at (e) will only be Cc. Laſtly, N at the 
Earth's Surface at O, which is in the right Line T. V, joining the 
Earth and Planet, muſt neceſſarily obſerve the Planet in the ſame 
Point C, as if he had viewed it from the Center of the Earth ; 
and in this Caſe, as there can be no Difference of apparent Place, 
there can be no Parallax at all. | 
From what we have ſaid it is evident, that the Difference of the 
apparent Places C D (or Cc), or the Quantity of the abſolute =. 
rallax. 
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rallax is proportional to the Angles TVE and T Ve, which 
Angles are therefore called the Parallatic Angles, or Angles which 
meaſure the Parallax. Theſe Angles are proportioned to the Sines 
of the Arch O e and O E, or to the Diſtances of the Spectator from 
the Point O, to which the Planet is vertical. It is evident, when 
the Arch OE is o', or when the Planet appears in the Horizon, 
that then the Angle E V T, or the Parallax, is greateſt of all; andis 
in that Caſe called the Horizontal Parallax, being that under which 
the Semi-diameter of the Earth is feen from the Planet, and of 
which we have more particularly treated in the Note to the VIIth 
4 h of Dr. HALT Ev's Diſſertation, Page 6. 

The Parallax hitherto confidered is properly called the Ab/olute 
Parallax, and has reſpect to one Point V, ſeen from twa different 
Places. But there is another Sort or Diſtinction of a Parallax, 
which may be properly called the Relative Parallax, which has Re- 
ſpect to the different Places in which two Objects appear from one 

ven Point T. Thus the Center Vof a Planet, and the Center 
S of the Sun, ſeen from the Center: af the Earth F. appear at 
C and A, and when viewed from the Point E, they appear at 
D and B. But ſince the Diſtance of the Planet T V. and that of 
the Sun IT 8, are very unequal, the Parallax A B:of. the Sun, and 
that of the Planet C D, will be unequal in Proportion, or the Cen- 
ter of the Sun S will have a much leſs Depreſſion from A to B than 
that which the Center of the Planet has from C D, therefure theſe 
two Centers of the dum and Planet are relatively depreſſed. as viewreil 
from the Point E thro! a Space which is equal to A D- AB there- 
fore make D b equal to A B, then will Ab be the Quantity uf Depref- 
ſion, or relative Parallax, by which the Center of the Planet Vis re- 
moved from the Center of San 8 upon the Plane F G, and this is called 
the Parallax of the: Planet from the Sun; and when we ſpeak-of the 
apparent Diſtance of the Planet from the Suns Center an the Face 
of the Sun, we confider the Diſtance 8 I to be diminiſhed. in the 
Ratio of AD to A b on the Plane, or we take the Difference be- 
tween the abſolute Parallax of the Planet H I, and that af the Sun, 
whenever we make any Computation of the Diſtanes of a Planet 
from the Ecliptic by means of the Parallax, as we" ſhall: hereafter 
more fully explain and illuſtrate, by an Application of this Doctrine 
to the Tranſit obſerved by Horrox, in the Lear 1639, having firſt 
premiſed the general Theory of Calculation by. Parallares, which 
next follows. N | 
F 2 THE 
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E has ſhewn bank the various ee of the” Tranſit 
may be computed and eſtimated by PROJECT ION and 
— CALcuLATION z but there remains yet the moſt natural and ge- 
nuine Method for aſcertaining the ſame, which is by means of the 

PARALLAX ; and as it has not yet been conſidered: and applied for 
this Purpoſe {more afroneinice/ we ſhall here ome that uſeful 
Doctrine to the T ge omy. 

For this Purpoſe it will be proper for him to have before him a 
(CELESTIAL GLoBE, as he wilt that Way have a more clear and 
eaſy Idea of all the fundamental Principles of this Part of the 
Science, and which are repreſented in Figure 3. Plate III. Where 
HZON is the n P the North Pole; & K the 

uinoctial; FT SL ke Echptic, whole'Poleis Q: C8 V the Orbit 

Venus; S the Place of the SUN, very near the aſcending Node; 
P S Ban Hour-Circle; Z S N a vertical Circle; QES a Circle of 
Latitude; QZ G another paſſing through the Zenith Z, and No- 
nagęſima Degree G; and Qu another pafſing through the Pole P. 
| to the Beginning of Cancer at I. 
This is the Poſition of the Globe and its Circles, for repreſenting 
the Moment of the End of the Tranſit, as viewed at Lon Dbox; 
and therefore the Angle Z PSS z: 17'=49*: 15. Alfo the 
Side ZP = 38*: 30%, and PSS 67“: 17 the Co-Declination of the 
Sun, whence the Angle P S.Z is found to be 45 43. 41 


„ . 
Then in the Triangle Q $ P there are known all the Sides, PQ. 
= 23˙: 30, P S=67*: 1 S Qa Quadrant, and the Angle 
PQS=14*: 24, the Diſtance of the Sun from Cancer 218. 
Whence the Angle PS Q is found to be 6˙: 100 meaſuring the 
Inclination of the Circles of Latitude and Declination, or of the 
Ecliptic to a Parallel of the Equator, as mentioned in Page 18. of 
the Diſſertation. e ee 
If from the Angle PS Z = 45* : 43, we take the Angle PS 
= 6: 10, there will remain the Angle E S Z = 39 33' the 
Complement of which is the Angle Z $ G = go? : 27', which mea- 
ſures the Inclination of the vertical Circle Z S to the Ecliptic T 8, 
at their Interſection in the Sun's Center 8. en 
In the laſt Place, ſay, as the Sine of the Angle Z 8 PS 45“: 
43˙ is to the Sine of the Side Z P 38˙ 300, ſo is the Sine of the 
Angle Z PS = 49: 15 to the Sine of the Side 2 8 = 41: 123 
the Complement of which is the Swr's Altitude at the End of 
Tranſit, vis. 8 M= 48%: 4. nr n SY 
Now we have elſewhere ſhewn / Inſtitution 1899 in the GENE 
RAL MAGAZINE) that the horizontal Parallax of a Planet is to its 
Parallax at any Altiude 8 M as Radius to the Sine of the apparent 
Diſtance Z 8, from the Zenith Z. If then (with Dr. Halley} we 
ſuppoſe the ſolar Parallax to be 12“ the horizontal Parallax: of 
Venus will be 45" nearly (Page 6.) therefore ſay, as Radius to the 
Sine of Z S= 417: 12', ſo is 45*to-qo0" nearly? 
When we conſider how ſmall a Part of theſe Circles of Lati- 
tude, Altitude, ' Ecliptic, Orbit of Venus, &c; are contained on the 
Sun's Diſk at 8, there will be no Difficulty of conceiving that they 
may be very well repreſented by right Lines on the Sun Diſk, tho 
drawn of any Size you pleaſe; therefore let the ſolar Diſk (Figure 
4.), as viewed in the Heavens at the End of the Tranſit, be repre- 
ſented by the Circle Z LN T, and thereon draw Z N for the Ver- 
tical, E R for the Circle of Latitude, making therewith an Angle 
ESZ=139*: 33"; and TS L for the Ecliptic, making an Angle 
ZSL = o“: 27, as before found; then ſince E R is ns. — 
to T L, if we divide 8 R into 16 equal Parts or Minutes; or more 
truly 951 Seconds, and therein take 8 G 95e 591”, and thro- 
chat Point draw the right Line P Q, to contain an Angle 8 G Pof 
81*: 32! with 8 R, it will truly repreſent the Path of Venus: over- . 
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the Face of the dun at her next Conjundtion, as ſeen from the Cen- 
ter of the Earth. 
But Venus ſeen in the Sun fern, the ride of he Rok will 
appear to deſcribe a different Path, by reaſon of the Parallax which 
will dep reſs her to all who live Nori bavard, and elevate her above 
3 1 ee Q, to all who are Southward of n 0 
Sun that Day deſcribes. 
| From what has been ſaid, it is alo evident, that i in lo long a a 
Time as the Planet takes in paſſing through the Chord PQ, the 
Sun, muſt every Moment vary its Altitude, and that therefore = 
illax will be conſtantly _ altering likewiſe. So that ſu poſing the 
enter of the Planet u pon the dun at C when he is in = Horizon 
(Figure 49 then if C 5 be drawn parallel to Z N the Vertical, 
it will be equal to the Herixantal Parallax of the Planet; or, in the 
| preſent Caſe of Venus, we have C DAN by the Time the Planet 
is advanced to the Conjunction at G. x why Sun is riſen to a certain Al- 
titude, and the Parallax thereby diminiſhed. Laſtly, By the Time 
| the Planet is advanced to (c) - its Egreſs from the Sun, the Suns 
Altitude will be farther increaſed, and the Parallax proportionably 
| diminiſhed; and therefore —— ( a Line through the Points C, c, 
it will be the vibe Path of the Planet over the Sun, every-where 
at an unequal. Diſtance from the true one PQ. 
| | a ee Lane end 6 & being, drawn parallel to the 
| Vertical Z N, will be the Parallax, at the Beginning and End of the 
= Tranſit; and thoſe two Lines are each of them reſolvable into two 
others; viz. CF, F D, and c f, fd; the firſt of Which, in each 
Caſe, is perpendicular to the true Path; and the other parallel to 
it; and therefore at the ſame Time that the Parallax in Altitude 
CD, c d, depreſſes the. Planet from its true Places D, d, to the 
viſible Places C, c, it; carries it backwards in its Path from D to F 
at the Beginning, and from dito f at the End of the Tranſit. And 
as the Motion from D to F, as alſo from dito f, is directly con- 
| tray to the Motion of the Planet in its Path, it retards the Time 
af its camung-op. and going; e, the Solar Diſk, 
| What this Time is, may be found by computing the Quantity of 
| tze Lines DF, or df. Thus for Example; let (c) be the Center 
of Venut at the Time that ſhe touches the Suns Limb internally at 
O; ſo that drawing 8 O, we: haye c O equal to Venus Semi- 
diameter, or 37 +; and 8 — Draw S M perpendicular a 
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the Path P Q, biſecting it in HI, then is the Angle M S$R=@. 
28', which taken from NSR F 8 Z = 39? 33, there will remain 
the Angle NSM = 31* og. Now this Angle is equal to the Angle 
Fed; for fe is parallel to M 8, and e d is parallel to 8S NW. 
Therefore, in the Right-angled Triangle c f d, there is 955 
the Angle fe 4 = 31* o5'; and the Hypothenuſe c d = 30", which 
is the Parallax at 41* 12', the Altitude of the Sun at Time. 
Then ſay, as Radius to 30%, ſo is the Sine of 31“: og! to 15" þ=. 
fd. Now ſince Venus moves at the Rate of 240" per Hout, or 
50 = 3600", if we fay, As 240“ of Motion is to 3600" of Time, 
ſo is 15" of Motion to 232” of Time, which is 3' 52” k, by 
which the Egreſs is retarded by the Parallax in the Path. After 
the fame Manner, if the Beginning of the Tranfit were viſible at 
London, the Quantity of F D might be computed for the Suns Al- 
titude when the Planet enters the Solar Diſk, and thence the Time 
by which it would be ; or how much later it would hap- 
n at LoxDox thah-Aif ſeen from the Earth's Center. 
Beſides the Effect of the Parallax upon the Motion of the Pla- 
net in its Orbit, it has another; which very much affects the Time of 
the Duration of the Tranfit, by diminiſhing or increaſing the Chord 
or Path-on the Disk. In the preſent Caſe, to us at London the Pla- 
net is depreſſed from the Chord P Q to the Chord VW; on the 
Center 8, through the Point (c), ſweep the ſmall Arch a c b, in- 
terſecting the Chord P Q in the Point (a); then fince K c is leſs 
than H a by the JE f a, it is evident, that on this Account 
the Phenomena of the Egreſs will be accelerated, gr they will hap- 
pen ſooner in the ue Path, as viewed from London, than in * 
true Path, as ſeen from the Center of the Earth, by all the Time 
the Planet takes to paſs over the Space f a. 12 
This Line f a is therefore to be computed; in the Right-angled 
Triangle G 8 H, we have 8 G= 591”, and the Angle H $'G = 8* 
28“, whence we find 8 H = 584/ . Again, in the ſmall Triangle 
fe d, we find c f=25"'+; then SH+fc=Sr= 610"; then 
in the Right-angled Triangle 8 r c, there are. two Sides, S c and 
S r known, whence we find the Angle Scr=SeH=41* 55, 
and H S e = 48? 05%. ˖ * | "ps 
Then, becauſe the Right-angled Triangles H S e, e c a,. and 
c f a, are ſimilar, the Angles in the laſt are 9747005 whence we 
find the Side fa = 23”; but 240 per Hour is 1“ in 1:5" of Time; 
| | EE: therefore: 


- 
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ts; 23 * 3 1 : 5" of Time in which b 
a, 


will paſs over the Space by fo — 5 therefore will the 
accelerated; but we haye ſhewn it is retarded by the Parallax 


in the Path by J 52" Whence 1' 13“ is the Time by which the | 


Egreſs at London is accelerated. | 

In the ſame Manner you proceed for calculating the 1 of 
paſſing over F D and A Fg 'a the Beginning of the Tranſit, where 
viſible ; and you will eafily obſerve, if both Parts accelerate, or 
both retard, the Time of = Beginning or End of the Tranſit, or 
whether they are contrary to each other in that Reſpect. Thus for 
example, in the preſent Caſe, the Parallax in the Path F D, and 
that in the Perpendicular, which ſhortens the Path by the Space 
AF, both retard or contract the Tranſit at the Begi — ; but at 
the End the Effect of one is contrary to that of the order, as we 
have ſhewn. 

In the Caſe any us, the Beginning and End of the Tranfit hap- 

pen in the Forenoon ; but when they happen in the Afternoon, 
the Part of the Parallax denoted by F D, f d, accelerates the Time 
of the Beginning and End of the Tranſit, by cauſing the Planet to 
appear to come on and go off from the Sum ſooner than it really does: 
The Reaſon of which is very obvious, with a little Reflection; eſpe- 
cially if a Scheme be conſtructed like that in Figure 2. on the 
Weſtern Side of the Globe, for any Place where the Tranſit will be- 
gin and end in the Afternoon, 

It is evident from this Theory, that though the "NEW ot and 
End are both retarded, or both accelerated, when they happen be- 
fore or after Noon; yet they are very unequally ſo: For the Begin- 
ning is retarded by both Effects of the Parallax; vis. F D and 
AF; but the End is accelerated only by their Difference da. And 
thus the Beginning is accelerated by the Sum F D+F A in the Af- 
ternoon, and the End by the Difference f a — f d. 

Therefore, in order to have the Duration of the Tranſit contracted 


as much as. poſſible, the Obſervations ſhould be made in thoſe 


Places where the Beginning is before Noon, and End after; as in 


moſt Parts of the Eat Indies. 

Thee Places ſhould be ſuch alſo as have the Beginning and End 
at the ſame Diſtance of Time from Noon, or at equal Altitudes of 
the Sun before and after. Noon; becauſe the Sum of the Parallaxes 
of two equal Altitudes being a. as the Sum of the Co-Sines * wg 

Altitudes, 
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Altitudes, will be greater than the Sum of the Parallaxes of two 
unequal Altitudes of the ſame Number of Degrees. Thus twice 
the Sine of 4 — Hm from the Zenith is greater than the Sum. of 
the Sines of 60 grees, as you may ſee in the Tables. 
What we have — ad relates to the Parallax F D and fd, in 
the Path; but then, fince at a given Altitude the abſoſute Parallax 
D C(=d'c in equal Altitudes) is a conſtant Quantity, the Angle 
FC D muſt be ſuch, that the Sum FD + A F=A D, ſhall be 
the greateſt poſſible. It is evident that when Yenus's Path P Q 
ener with the Vertical Z N, we have A F=0; and when it 
rpendicular to the ſame, then F D = 2 o, and A P= SOD; and 
it is caſy to underſtand, that when a given Line D C is to be adapt- 
ed in a given Angle C A D, ſo as to make A D a Maximum, the 
Angle D C A muſt be a right one; and therefore the Latitude of 
the Place ſuch, that the Vertical Z N ſhall paſs through the Center 
of the Planet C at the Moments of her internal Contact, at the Be- 
_— or End of the Tranſit, which may eaſily be determined. 
rom the Principles above laid down. a 5111 Ps 
For in this Caſe, the Angle NS M will be equal to the Angle 
MS O, which is 48* og', as we have ſhewn. Then if to this we 
add the Angle I C R= 8: 28, it will make the Angle R $ N= 
56* 33', which will be the Angle ESZin Fig. 3. Then laſtly, 
if to this you add the Angle ES P = 60" 10, you will have the 
Angle Z 8 P = 62" 43'z and ſuppoſing the Tranſit to begin and 
end at 30 £ from Noon, the Angle Z P'S will be 48* 45. hay | in 
the Triangle Z S P there are two Angles, and the Side S.P known, 
to find the Side Z P, which will be 55* 10, and therefore 2 
85 50“, the Latitude ſought, where the dg $ F. ＋ F 9 
Fig. 4-) will be the greateſt _— ; 
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ELgmenTs of her rn 
. Explained and ee from the 


; 1 
Erb "EN 


OBseRvVaTIONS of Mr. H © R R 0 * 


*H E feſt and moſt e of Obſervations reſpecting the 
Planet Yehus, is that of her Paſſage over the 25 's Diſk, 


w ba ra obſeryed at Hoole, near Leverpod, in Lancaſhire, by our 
| 0 a Mir. Auras, on. the 24th of oe, * Vear 


9; of which we have a particular Account in his Book after- 


| gate ubliſhed by Hevelius in 1673, intituled De Venere in Sole 


e Jun being then nearly ſetting in the Horizon, he pre- 
pred ti KimaF to make Obſervations thereon in @ darkened Room, 

*his Image upon a 2 Skreen, and which we have here 
Kher by a Gre T LR (Fig. 5. Plate III,), and being 
provided with proper Inſtruments to meaſure the ſeveral Parts, he 
obſerved her to be wholly within the Difk, and then to touch the 
Sun's Limb internally at A, at 15 Minutes after III. The Diſtance 
between the Center of the Planet V and that of the Sur S, he found 


to be 14 25, reckoning the Minutes ſuch chat the Diameter of 


the Sun contained 30“, and that of the Planet 1 10”. 
The ſecond Obſervation was made at 35 Minutes after III. and 


the Diſtance he then found between Venus and the Sun to be 13˙ 


30” And by a third Obſervation, at 45 Minutes after III, he 
ound the Centers of Venus and the Sun to be juſt 13 Minutes apart; 


and tho Sun ſetting at 50 Minutes after III, put an End to 3 fur 


ther | gs. 


From 


14 PAO 
From thoſe fewand imperfect Obſervations, Horroxpr tofind 
the preciſe Time of the Conjunction of Venus with the Sun, and 
other Elements of Theory, in the following Manner: He ſuppoſed 
the Suns Place to be in H 12“ 24, and having calculated the Angle | 
As T (in the Manner we have ſhewn from Fig. 3. 4.) or the Bi,. 
tance of the Point A from the Ecliptic T, which he found to he, | 
46* 34, whoſe Complement A 8 R, the Diſtance between Venus 
and the Circle of Latitude E R, is 43 2603 and having ſuppoſed the 
Diameter of the Sun tobe 31 30” de of Venus 1 16" (reckoned 
of the uſual Magnitude) he Fund the Diſtance between the Cen- 
ters 8 V to be 15%, and from thence the Difference of Longitude 
V C to be 10' 24”, and her Difference in Latitude VH 10 122 

As theſe Differences of Latitude and Longitude were only appa- 
rent, and as Venus was at that Time nearly in the Rate, ber 
Parallax by which ſhe was N was nearly equal to the Ho- 
rizontal Parallax, which he made to be 52”, ſu uppoſing fing that of the 
Sun to be 14", the Difference of is 3 for the Parallax of 
Venus from the Sun. 

Thro the Point V draw the Right Line V O parallel to the vertical 
Circle ZN, and equal to 38”, which was the 505 ax of Venus from the 
Sun; ; then drawing the Line Oc pa rallel to Vc, and Oh parallel to VH. 
there will be formed the Ri de led Triangle V O I, in which the 
Side V O and the Angle at own (from what we have before 
delivered), and from 8 he 8 Was the Side I V, which was the 

Parallax in Latitude, to be 36%, and the Side 1 O to be 14” in Lon- 
gitude ; ſo that the true titude of the Planet was S c, and the 
true Longitude 8 h. He like wiſe calculated, in the ſame Manner, 
the Difference of Latitude and Longitude for the other two Obſerva- 
tions; ſo that, for the three Obſervations, the apparent and true 
Latitudes and Longitudes were as in the following Tables: 


Te Long Ap. Long. True Lat. Ap. Lat. | 
A 3 15” e ef TEST 
WO wh 1 9 36 9 22 10 * 10 38 | 
Eat Se BY, nr Bn 5¹ 9 4%, 10 24. 


Nou from hence to find the Time and Place ts true Conjunc- 
tion of Venus with the Sun, our Author ſuppoſed that the 5 5 * 
daily Motion was 1* 1' 2”, and that of Venus retrograde to be * 

E 2. | 3 Lud 


1 141 CREE, 
_ g8", whence. the Sum 1* 3) 40" meaſures the apparent Motion of 
Venus in Regard to the Sun in the Space of 24'; and therefore he 
uſed the following Analogy : As 1* 37' 40” is to the Difference of 
Longitude between the Center of the Sun and Venus 10 37", ſo is 
24 to 2 36' 30%; which added to 3" 15, the Time of the firſt Ob- 
ſervation, gave the Time of the true Conjunction of Venus with the 
Sun to be at 5 51 30" on the 14th of November, 1639, 
From the b irſt, compared with the Second and Third Obſerva- 
tions, he found the Time of the Conjunction to be at 5 56% 30%, and 
* 59/, and taking the Mean of all, he found it to be 5 55 for the 
Tice of true Conjunction, and for that Time having calculated the 
Sun's Place in „ 12. 29 35", he found, of courſe, the Place of Venus 
to be in the oppoſite Sign Gemini 12* 29' 35". 827 
Having calculated the apparent Latitude of Venus in the Space of 
24", which he found to be 15 400, he took the proportional Parts 
correſponding to 2 40 (the Time between the firſt Obſervation and 
Conjunction) and found it to be 1 44”, which having deducted from 
the true Latitude of Venus obſerved at the Time of the firſt Obferya- 


tion, there remained 8 38“ for the Latitude at the Conjunction; 


and by the other two Obſervations he found the ſame Latitude to 
be 8 32“ and 8' 24”; and taking the Mean of all the three, he 
found it to be 8 317. F 
In the next Place, to determine the Place of the Node, Mr. Hor- 

ram, from the given Diſtance of the Planet from the Earth and the 


Sun, and the Geocentric Latitude of Venus 8' 31/, he found the Helio- 


centric Latitude to be 30%, and then ſuppoſing the Inclination of the 
Orbit of Venus to the Ecliptic to be 30 22', he found by Calculation 
in the Manner we have before ſhewn) the Diſtance of the Planet 
rom the Node at the Time of Conjunction to be 53 10”, which 
being added to the true Place of Venus which was before found in 
Gemini 12 29' 25”, it gave the true Place of the Node in Gemini 
13" 224%, but very little different from the Place where Kepler 
had before found it, vix. only 1“ 32“ „ 
Such is the Method by which Mr. Horrox attempted to ſettle the 
Elements of the Theory of this Planet; but having herein aſſumed 
the Diameter and Place of the Sun, alſo their Horizontal Parallaxes, 
different from what they are now found to be, this Theory was 
afterwards correfted by Mr. Caſſini, and the true Latitude and Lon- 


TS: ha 
gitude for the Times of the Obſervations reduced to the Meridian 
. of Parts, as in the following Table: e eee eee 
At g % at Pari 10 ff t 58 h 


e e e ee e | 
7 | +4 9 20+ 10 21 © ENTS 


5 By theſe true Differences of Latitude and Longitude he found 
the Time of the true Conjunction at Paris to be four Minutes after 
VII, and the true Place of Venus to be in Gemini 12 33360. 
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NAR. Caffini having confidered, that, in the Space of Half an 
Four, the Motions of Venus in Latitude and Longitude were 
too little ſenſible for deducing the Elements of her Theory from 
thence, with ſufficient Preciſion, he purſues another Method for 
that Purpoſe, on Suppoſition that the Ratio of the Diſtances of 
Venus from the Sun and the Earth is known; as alſo the Inclination 
of her Orbit, and the Quantity of her true Motion ſeen from the 


He calculates the Place of the Sun in + 12* 24 520, and ſuppoſes 
the Diameter of the Sun 32 400, and the ſolar Parallax 10/3 then 
he proceeds to the Computation. The Longitude of Venus at the 
Time of the firſt Obſervation. having been determined 10 56" 4, 
and her Latitude 10 58“ 4 ; ſay, As the Diſtance of Venus from the 
Sun 72008, is to the Diſtance of Venus from the Earth 26522, fo 
are 10 56" 4 to 4 2, which meaſures the Difference of Longitude 
between Venus and the Earth, ſeen from the Sun at the Time of 
the firſt Obſervation, and which being deducted from the true Tn 


1767 


. 
of the En which wes den in- n 12 24' 62% gives the true Place 
of Venus in I 12* 20 50”, on the 4th of December 1639, at 33 
Minutes after III. the true Time at Paris, New Stile. 

In like manner ſay, as 72008 is to 26522, ſa are 10 58" the 
Latitude of Venus ſeen from the Earth to 4 3", which meaſure the 
Latitude of Venus ſeen from the Sun at the Time of the firſt Ob- 
ſervation. * 

In like manner for the ſecond Obſervation, viz. 35 Minutes af- 
ter III. the true Time, her Place was found to be in n 12“ . 

and her heliocentric Latitude 30 54" f. Laſtly, For the Time of 
the third Obſervation, her Place in n 12* 22“ 400%, and her Latitude 

42 
: The Latitude of Venus being-thus found at the Timer of the 
three Obſervations, we find the Place of the Node by the following 
Analogy. As the Tangent of the Inclination of the Orbit 4* 23.205 

zs to Adius, ſo is the Tangent of the heliocentric Latitude - the 
firſt Obſervation 4 3", to the Sine of the Diſtance of Venus from 
the Node 1* 8' 37". 
Buy the ſame 8 it is found, at the Time of the fag Ob- 
ſervation, to be 1 6' 13”, and at the Time of the Third 1* 4' 39“; 
and adding theſe to the true Place of Venus ſeen from the Sun, we 
ſhall have the true Place of the Node, by the firſt Obſervation, in 
X 13% 29 {ry the Second in 13˙ 38 18% and by the Third 
17 27 19"; taking a Mean of the three, we have the true 
ce of the Node i in Gomint 13* 28' 21“ farther advanced by 6 Mi- 
nutes than her Place determined by Horrox. : 
In order to find the Time and Place of the true Conjunction of 
'* Venus with the Fun, and her Latitude, we muſt confider that her 
daily Motion was then 1* 36“ 44”, from which we muſt ſubſtract 
1 the Sun in . VIZ. 1 1 o', and there will remain 
Motion of. Venus from the Earth, as viewed from the ** 
2 pet per Diem. Then ſay, e 44” are to 4 2", ſo are 24 to 
which being added to the Time of the firſt Obſer- 
* gives the Time of Chhenclien of Venus with the 
Sum 6 255 true Time at Parts; which reduced to the Meri- 
dian of Leverpool, will be 5 58', which is 3 Minutes later than 
the Time of Conjunction determined by Horror; and calculating. 
for the ſame Time, the true Place of the Sun, which is the ſame 
with that of Venus, it will be found in + 12* 37 44”, the oppoſite 


Point 


| (4] 3 
Point to which is Gemini 12* 31 4% which being deducted from 
the Place of the Node (before found) in Gemin: 13* 28“ 45, we 
ſhall have the Diſtance of Venus from her Node at the Time of her 
Conjunction with the Sun 57! 1", by which we ſhall find her heho- 
centric Latitude to be 3/ 22", and her Latitude ſeen from the Earth 
9 8", larger by only 37“ than that which was determined by 


| Theſe are the general Methods by which the Theory of YVenus's, | 
Motion may be aſcertained, and in a great meaſure ſettled, by nu- 
merous — accurate Obſervations made on the apparent Diſtances 
between the Centers of Venus and the Sun at the next enſuing Tranſit, 
which may be very eafily meaſured by means of a proper HRELIOM y- 
TER, ſo conſtructed that it ſhall give the true Poſition of the Eclip-, © _ 
tic, with reſpect to the vertical Circle, for any given Moment ß 
Time during the Tranſit, as alſo the apparent Latitude from the 
Eeliptic through the whole Duration... 
We ſhall add, that the Reaſon why Venus appears no oftener 
in the Face of the Sur is, becauſe that when her Diſtance from the 
Node is about 2 Degrees, her Latitude ſeen from the Sun is about 
7 5”, which Latitude, viewed from the Earth, will make 16 or 17 
inutes, and therefore exceed the Semi- diameter of the Sun. 
When ſhe" exceeds this ſmall Diſtance from the Node, ſhe will paſs 
above or below the S's Diſk, and may be obſerved in thoſe Con- 
junctions t6 have ſome Part of her enlightened Difk turn towards 
the Earth; more and more, in Proportion as the approaches the No- | 
nageſima Degree of her Orbit; to which when ſhe arrives, the 
Portion of her enlightened Surface will be the greateſt of all, and 
equal to the Sum of her greateſt and leaſt heliocentric Latitude. 
For ſuppoſe P (Figure 6.) to be the Place of the Planet in that 
Situation in her Orbit B D, let 8 be the Center of the Sun, and T_ 
that of the Earth: and through the Center of the Planet P draw 
the right Lines 8 K and T H, then will A C, a Part of the Orbit, 
be perpendicular to 8 K, and conſequently determine the enlighten- | 
ed Hemiſphere of the Planet AI G. Then draw C F parallei to 
T H, and it will cut off the Arch A C of che enlightened Hemi- 
833 for that Part which can be ſeen at the Earth; and becauſe 
e Arch AI and C E are each go Degrees, and che Arch CI com- 
mon to both; if that be deducted from the other Wo, it will leave 
the Arch A C equal to the Arch EI: but the Angle E PI is equal 
ee 0 
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the greateſt heliocentric and geocentric Latitudes together; which 
therefore is equal to the Part of the enlightened Surface of the ie: 
| net A Cturned towards the Earth. + 
Jo conclude; in caſe the Morning, ſhould prove lowly, 39d we 
are thereby prevented from viewing Me Riſing-Sun with Venus on 
his Diſk, I thought it might not be unacceptable to have an. Idea 
thereof communicated by a Diagram (ſee Figure 7.) ; where H O 
reſents the eaſtern Part of the Horizon, in which the Sun will 
. AD is a Part of the Ecliptic, deſcribed by the Sun's Center 
making an Angle with the Horizon of about 26 Degrees. A is the 
Poſition of the Sun below the Horizon, when its upper Limb juſt 
touches the Horizon in B. C the Center of the Sun juſt in the Ho- 
rizon; and D its Poſition when the lower Limb juſt touches the 
Horizon in E, or the Sun is wholly riſen above it The Time in 
paſſing from A to D, or riſing wholly above the Horizon, is a little 
more than four Minutes. The Path of Venus on the Sun is repre- 
ſented by (a 5), and the Planet itſelf by a Black Spot, as far advan- 
call on the Sun's Diſk at his Riſing, as is here repreſented. 


N. B. What. * relates to the Tranſit of Venus is fully explain- 
"ed in two large Copper-Plate PRIx Ts, ws. one of ſeventeen 
Tranfits of this Planet over the Sun's Disk ; the other of three 
Geographical Praje#ions, for the Time of the BEOIXN IN G, 

- MipDLE, and END. of the TRANSIT in every Part of the 

| Warld; with the Sg wt explained. 
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27. apparent Motion of the Nodes, 7. due Motion of the Node. 
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